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OCEAN MAGNETIC OBSERVATIONS 

1905-1916 

By L. A. Bauer, W. J Peters, J. A. Fleming, and J P. Ault 


l 



INTRODUCTION. 

This publication is the third of the series by the Department of Terrestrial 
Magnetism of the Carnegie Institution of Washington, bearing the general title 
“ Researches of the Department of Terrestrial Magnetism.” Each volume has a 
subtitle setting forth briefly its special contents. Thus the first volume, here 
designated as Volume I and entitled “Land Magnetic Observations, 1905—1910,” 
contains the results of all magnetic observations made on land by the Department 
from the beginning of its observational work in February 1905 to the end of Decem- 
ber 1910. Volume II, “Land Magnetic Observations, 1911-1913, and Reports on 
Special Researches,” contains the results of all magnetic observations made on land 
during the three years, January 1, 1911, to December 31, 1913. The titles of the 
special reports in that volume are : Research Buildings of Department of Terrestrial 
Magnetism; Magnetic Inspection Trip and Observations during Total Solar Eclipse 
of April 28, 1911, at Manua, Samoa; Results of Comparisons of Magnetic Stan- 
dards, 1905-1914. 

The present volume, No. Ill, on “Ocean Magnetic Observations, 1905-1916, 
and Reports on Special Researches,” contains the final results of the ocean magnetic 
observations made aboard the Galilee in the Pacific Ocean, 1905—1908, and aboard 
the Carnegie in the Atlantic, Indian, and Pacific Oceans, 1909-1914, together with 
preliminary results of the observations on the 1915-1916 portion of the Carnegie’s 
present cruise (No. IV). The special reports relate to auxiliary observations made 
aboard these vessels, or to special investigations. 

As director, I desire to take this occasion to express my sincere appreciation 
and deep sense of obligation to those who have creditably and successfully dis- 
charged the arduous and responsible duties of commander of vessel, as also to the 
observers and computers, whose devotion and unflagging interest have made pos- 
sible the accumulation of the mass of scientific data presented in this volume. 

PREVIOUS OCEAN MAGNETIC SURVEYS. 

The first attempt at an ocean magnetic survey was made, under the auspices 
of the British government, by the noted astronomer Edmund Halley, between 1698 
and 1700. He was placed by King George III in command of the sailing ship, 
Paramour Pink, for “proceeding with her on an expedition to improve the longitude 
and the variations of the compass.” With this vessel Halley made several voyages 
in the North and South Atlantic Oceans, penetrating to the parallel 52° south. 
Only the magnetic declination was determined, since at that time instruments for 
measuring dip and intensity at sea had not been devised. He embodied the results 
of his observations on a chart of the “Lines of Equal Magnetic Variation,” for 
the year 1700, which method of portraying the distribution of the magnetic elements 
was first successfully introduced by him. 1 

l Fov furthei information, reference may be made to the articles by L A Bauer, J P Ault, and W F Wallis, Terres- 
h lal Magnetism and Atmospheric Electricity, vol 18, 113—132, 1913 
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Ocean Magnetic Obsebvations, 1905-16 


Passing over various subsequent expeditions, we come to the most serious 
and first really important undertakings for magnetic science in general, viz, those 
of the Erebus, the Terror, and the Pagoda, from 1840-45, chiefly in the southern 
oceans. Here we have the first elaborate attempt at determinations of the three 
magnetic elements at sea, the Fox dip-circle for measuring the magnetic inclination 
and intensity at sea having just been devised. This most carefully executed work 
was done under the direction of Sabine, the famous English magnetician, who did 
so much for the advancement of magnetic science. Not only was the work ably 
directed, but the commanding officers of the vessels, one of whom was Captain 
Ross, the discoverer of the North Magnetic Pole, were most zealous and painstaking. 
The attempt was made to obtain full series of observations daily, and these were 
secured at times under great physical difficulties, as, for instance, in the Antarctic 
regions. The ships were repeatedly “swung,” and every attempt was made to 
determine accurately the deviation constants. 

It will be of interest to point out in this connection that it was not alone the 
devising of an instrument for measuring the magnetic inclination and intensity at sea 
that made this memorable and remarkable work possible, but also the elaboration of 
the mathematical theory of the deviations arising from the unavoidable iron on 
board a vessel, published by Poisson a year before the inception of the survey in 1839. 
Working with Poisson’s formulae, Archibald Smith, at Sabine’s request, put the 
determination of the various necessary corrections in a practical form, so that they 
could be successfully applied. 

The expedition of the Austrian frigate Novara secured a valuable series of 
declination data while circumnavigating the globe in 1857-60. 

Next were the two notable expeditions of the Challenger in 1872-76 and the 
Gazelle, a German vessel, in 1874r-76. Both of these made observations of the three 
magnetic elements over various ocean regions. 

Reference should also be made to the important work done by the naval serv- 
ices of various countries, which can not be described here in detail, and to the obser- 
vations of later Antarctic expeditions, notably those of the Discovery and the Gauss. 

The work of various vessels of the Coast and Geodetic Survey also deserves 
notice, for it was the successful inauguration of the magnetic work on these ves- 
sels, in 1903, which gave me the requisite experience for undertaking the ocean 
magnetic survey of the Carnegie Institution of Washington. Since 1903, these 
vessels have utilized every opportunity in passing from port to port, while engaged 
on their regular surveying duties, to determine the three magnetic elements. Thus 
valuable series of observations have been obtained along the Atlantic and Pacific 
coasts and in the Gulf of Mexico. 


L A. Bauek. 



THE MAGNETIC WORK OF THE GALILEE, 1905-1908. 

By L. A. Baxter, W. J. Peters, and J. A. Fleming. 

GENERAL REMARKS. 

The Department of Terrestrial Magnetism of the Carnegie Institution of Wash- 
ington was authorized, in 1905, to undertake a magnetic survey of the Pacific Ocean, 
according to a plan submitted to the Institution on October 3, 1904, by L. A. Bauer 
and G. W. Littlehales. 1 

While the state of our knowledge of the distribution of the Earth’s magnetic 
forces over ocean areas, owing to the paucity of precise data, was then in general 
exceedingly unsatisfactory, this was especially true for the Pacific Ocean, rapidly 
developing in commercial importance. Except for data from occasional expeditions 
and such as had been acquired in wooden vessels long previously, the magnetic charts 
used by the navigator over the Pacific Ocean depended largely upon observations 
on islands and along the coasts. But because of prevalent local disturbances, mag- 
netic observations on land are frequently not representative of the true values. 
It was therefore impossible to make any statement as to the correctness of the 
charts then in use. 

Professor Arthur Schuster, in a letter dated January 26, 1902, had stated: 

“I believe that no material progress of terrestrial magnetism is possible until the mag- 
netic constants of the great ocean basins, especially the Pacific, have been determined more 
accurately than they are at present. There is reason to believe that these constants may 
be affected by considerable systematic errors. It is possible that these errors have crept 
in by paying too much attention to measurements made on islands and along the sea coast. 
What is wanted are more numerous and more accurate observations on the sea itself.” 

Captain Ettrick W. Creak, at one time superintendent of the compass depart- 
ment of the British Admiralty, in a letter dated August 31, 1904, said: 

“The North Pacific Ocean is, with the exception of a voyage of the Challenger (1872-76) 
nearly a blank as regards magnetic observations.” 

Professor Schuster’s surmise as to the possible existence of “considerable sys- 
tematic errors” in the magnetic charts for the great ocean basins has been abundantly 
verified by our ocean magnetic work from 1905 to the present date. When it is 
recalled that the ocean areas embrace nearly three-fourths of the entire surface of the 
Earth, it is easily understood that lack of accurate data for this portion of the globe 
has greatly retarded the settlement of important problems pertaining to the Earth’s 
magnetism. Thus the demands of science, as well as those of commerce and navi- 
gation, called for a systematic magnetic survey of the oceans under the most favor- 
able conditions and required that the work be done under the auspices of some 

'Bauer, L A , and G W Littlehales, Proposed magnetic survey of the North Pacific Ocean, Carnegie Inst of Washing- 
ton, Year Book No 3, 1904, 269-273 (Jan 1905), Washington Also, somewhat abridged, m Terr Mag , vol 9, 163-166, 
1904, Washington 
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research institution of world-wide standing, to secure adequate recognition for the 
scientific as well as the commercial aspects of the work. 

Accordingly, it was considered best to undertake first a magnetic survey of the 
North Pacific Ocean, which was extended later to the South Pacific. In view of the 
newness of ocean magnetic work of the desired accuracy, it was decided to gain some 
experience first in a chartered vessel. After considerable advertising, conducted 
during the Director’s conference trip to Europe, by Consulting Hydrographer G W. 
Littlehales, the brigantine Galilee was selected as being the best vessel of those 
available for the proposed work. Subsequent experience showed that the choice 
was a good one. Cruises to the extent of 63,834 nautical miles were carried out 
by this vessel in the Pacific Ocean between August 1905 and May 1908. 

When authority was given to include all the oceans in the general magnetic 
survey, it was found best to construct a vessel adapted especially to the needs of 
magnetic work. Thus in 1909 the non-magnetic vessel, the Carnegie, of which more 
will be said later, came into existence, and all the ocean work since 1909 has been 
done with her. 

The account of the work done and the results of the observations made are 
given separately for the Galilee and the Carnegie. 


DESCRIPTION OF THE GALILEE. 


The brigantine Galilee, chartered for the period July 1905 to May 1908, was a 
wooden sailing vessel built in 1891 at Benicia, California, by her chief owner, Captain 
Matthew Turner, an experienced ship-builder. She was originally engaged in the 
passenger business between San Francisco and Tahiti, until crowded out by a line of 
steamers, since when she had been engaged in freighting between C alif ornia ports 
and South Pacific islands. She was known as one of the fastest sailing-vessels of her 
size in the Pacific Ocean, her best record being 308 miles in a day with full cargo. 1 

Her length over all is 132.4 feet, beam, 33 4 feet, and depth 12.6 feet; her net 
tonnage is about 328 and displacement about 600. To fit her for the purposes 
of the magnetic expedition, the principal changes required were the substitution of 
hemp rigging’ for the steel rigging, and the removal, as far as practicable, of all iron 
parts in the vicinity of the places of observation. The cabin space had to be enlarged 
for the accommodation of the scientific personnel. Furthermore, a special observing 
bridge, seen between the masts in the view (Plate 1, Fig. 3), was built, running 
fore and aft, and about 12 feet above the deck. The instruments mounted on this 
bridge were then, on the average, about 15 to 16 feet above the main deck and 25 
to 30 feet from the remaining masses of iron, consisting chiefly of the iron bolts in 
the sides of the vessel. After the first cruise the observing bridge was extended, 
the galley removed to forward of the foremast, and some additional minor changes 
were made. (See Plate 2, Fig. 1.) For further information regarding dimensions 
and alterations of vessel, see J. F. Pratt’s report on pages 128-134. 


‘While the Carnegie was at San Francisco m October 1916, the Galilee was berthed alongside the same mar 
been converted into a 3-masted schooner, and is engaged m the Alaskan trade ° Pl6r 

I ms was obtained by special contract from a Philadelphia firm 


She has 
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While it was not possible to convert the Galilee completely into a non-magnetic 
vessel, as would have been desirable, the changes resulted in reducing the deviation 
corrections, due to the disturbing influence of the remaining iron, to such an extent 
that the ship’s so-called “magnetic constants” turned out to be smaller for this 
vessel, on the average, than those of any vessel on which ocean magnetic observa- 
tions had previously been made (see Table 36, p. 91). 

However, the corrections were still so large that it was necessary to take them 
into account if the scientific requirements of the problem undertaken were to be 
successfully met. These corrections had to be determined by special observations, 
made while “swinging” ship in port and at sea as often as circumstances permitted. 
This necessarily caused more or less delay in both the field and office work. Unfor- 
tunately, experience had also repeatedly shown that these corrections, as based on 
a mathematical analysis of the deviations, were troublesome to control adequately. 
As the corrections arise chiefly from magnetic induction in the soft-iron parts of the 
vessel, they are subject to various accidental conditions, such as the length of time 
the vessel follows any one course, or the amount of buffeting the vessel has been 
exposed to from the waves, etc. 

The preceding paragraph shows why it was found more economical in every way 
to construct an entirely non-magnetic vessel specially built for the purpose when 
the requisite funds became available. It seemed unfortunate to introduce, in the 
very regions where the disturbances due to local magnetic masses are a minimum, 
an extraneous source of disturbance by not having an entirely non-magnetic vessel. 
However, conditions in 1905 did not permit our waiting for such a vessel. The 
attempt was accordingly made to secure magnetic data as accurately as was 
then possible and to solve the problem given to the Committee on Terrestrial Mag- 
netism of the International Association of Academies in 1904 upon the proposal of 
the late Professor von Bezold, viz, “the determination of the best methods of 
making accurate magnetic observations at sea.” 

Further interesting information regarding the Galilee and organization of the 
work will be obtained from the charter-party (see page 8), which was drawn up 
with the counsel of Judge William W. Morrow of San Francisco, a trustee of the 
Carnegie Institution of Washington. It should be recorded here that the firm of 
Matthew Turner Company carried out the terms of the contract in a most faithful 
and agreeable manner, ever evincing interest in the successful issue of the expedi- 
tions, and always being alert and ready to keep the vessel in good repair. This was 
the first of many pleasant experiences had throughout the ocean work thus far with 
mercantile firms with whom it has been necessary, for one purpose or another, 
to have business relations. Hearty cooperation and general interest have been 
well-nigh universal. 
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CHARTER-PARTY OF THE GALILEE. 

This Charter-Party, made and concluded upon in the City of San Francisco, Califor- 
nia, this twentieth day of July, nineteen hundred and five, between Matthew Turner, 
managing owner of the brigantine Galilee of San Francisco, of the net tonnage of 328 tons, 
or thereabouts, register measurement, of the first part, who has the right to enter into this 
contract, in behalf of the owners, and the Department of International Research in Ter- 
restrial Magnetism of the Carnegie Institution of Washington, of the second part, 

Witnesseth : That for and in consideration of the payments hereinafter mentioned, to 
be made by the said party of the second part, the said party of the first part for himself, 
his heirs, executors, and administrators, doth covenant and agree on the fr ei ghting and char- 
tering of the whole of said vessel fully manned with requisite crew and master and fully 
equipped and furnished, to be under the control and direction and for the occupation and 
the use of the said party of the second part or his representatives for the purposes of a scien- 
tific voyage in the Pacific Ocean, upon the following terms, and, with the option of renewal 
of this charter-party for additional voyages of the same nature upon the sam e terms : 

The said vessel shall be tight, staunch, sound, strong, seaworthy, and in every way 
fitted for such a voyage and properly ballasted, with non-magnetic material, subject to the 
inspection of the party of the second part or his authorized agent. 

The said vessel shall be kept thoroughly repaired, outfitted and seaworthy throughout 
the period of this charter by the said party of the first part. 

The said crew, exclusive of master, shall consist of two mates, six seamen, one ship’s 
cook, and one cabin cook, all of whom shall be in all respects qualified for the full perform- 
ance of the duties of their usual station on board said vessel. Their selection and the 
appointment of the said master shall be subject to the approval of the party of the second 
part or his authorized agent. 

The said vessel shall be subject to be rerigged with hemp at the cost of the said party 
of the second part, and to have introduced such mounts for observing instruments and such 
changes m the cabin and elsewhere at the expense of the said party of the second part, as 
may be required for her better adaptation to the needs of the Expedition, provided that her 
trim and seaworthiness shall not thereby be altered. 

In respect to the changes above provided for to adapt the vessel to the needs of the 
Expedition the said vessel shall be restored at the option of the said party of the first part, 
to her original condition, at the expense of the said party of the second part, on the dissolu- 
tion of this charter-party , or on the dissolution of its subsequent renewals as may mark the 
close of her employment for the purposes of the said Scientific Expedition. 

The said vessel shall receive on board for the aforesaid voyage the scientific instruments 
and whatever may be required for the purposes of the Expedition and the observers who 
together with the master and crew, shall be subject to the direction of the duly appointed 
Commander of the Expedition; and no goods or merchandise shall be laden on board said 
vessel otherwise than from said party of the second part or his agent, excepting the belong- 
ings and victualing which are required to be furnished by said party of the first part for the 
maintenance of the master and crew who belong with the vessel. It is understood that the 
subsistence of the cabin cook shall be provided by party of second part. 

The said party of the second part agrees to pay to the said party of the first part for the use of 
the said vessel and her equipment, master and crew, in accordance unth the stipulations above 
set Jorth, during the voyage aforesaid, in full fourteen hundred (1400) dollars per calendar 
month, or eight hundred (800) dollars per calendar month for the bare ship, 1. e., without 
master and crew, and in either case pro rata for any portion of a month’s hire, payable 
monthly at the termination of each month; and also to pay all the vessel’s port charges 
towages, pilotages, wharfages, and consul and health fees. 
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It is understood that the payments under this charter-party at the rate above stipu- 
lated, shall commence on the twentieth day of July, nineteen hundred and five, and that an 
allowance for lay days will be paid by the charterers to the managing owner at the rate of 
fifteen (15) dollars a day, beginning with June fifth, nineteen hundred and five. 

To the true performance of all and every of the foregoing covenants and agreements, 
the said parties each to the other do hereby bind themselves, their heirs, executors, adminis- 
trators and assigns, each to the other, in the penal sum of amount of charter for six months. 

In witness whereof the said parties have hereunto interchangeably set their hands and 
seals the day and year first above written. 

Signed, sealed and delivered in the presence of : 

Witnesses: (Signed) Matthew Turner. [seal] 

(Signed) Nelson Andrews. (Signed) L. A. Batter, [seal] 

(Signed) J. F. Pratt. Director , Department of Terrestrial Magnetism, 

of the Carnegie Institution of Washington. 

According to the above charter-party, the owners supplied the sailing-master 
(who was Captain J. T. Hayes for the entire period 1905-1908), 2 mates, 6 seamen, 
and 2 cooks, or 11 men in all, and their subsistence, with the exception of that of 
the cabin cook. The Department bore all cost of alterations required to fit the 
vessel for her work, and furnished subsistence for the scientific personnel, consisting 
of the commander of the vessel, 1 surgeon, and 2 or 3 observers, together with the 
cabin cook. At times it was found that the vessel was undermanned to meet suc- 
cessfully the many and varied requirements of an ocean scientific expedition. This 
matter could not well be remedied, however, until the Department had a vessel of 
its own. 

The non-magnetic ballast referred to in the charter-party consisted of stone, 
obtained at San Francisco, which, upon careful test, was found to be non-magnetic. 

The Galilee proved herself a splendid sea boat, and, as already said, one of the 
fastest sailers of her size in the Pacific Ocean. Previous to entering our service, 
she had made as much as 308 miles in a day with full cargo. (See Plate 1, Fig. 2.) 
For our purpose, however, a day’s run of 100 to 150 miles amply sufficed, representing 
approximately the distances apart of the magnetic stations. 

By special courtesy of the Secretary of Commerce and Labor, the Galilee was 
classed as a “yacht” in order to facilitate her passages from port to port. This 
classification began at Honolulu, September 1905. Universal courtesy was shown 
her by port officials and customs officers, everything possible being done at the 
ports visited to facilitate her work. 

Throughout the three years’ operations, during which cruises were carried 
out all over the Pacific, but one accident befell the Galilee. This occurred at Yoko- 
hama in August 1906. A typhoon suddenly springing up, the vessel dragged her 
anchors and she was blown against the breakwater and sunk in about 14 feet of 
water. However, in 12 days she was ready to resume her voyage to San Diego, 
without serious damage to ship or to instruments. 



SYNOPSES OF THE GALILEE’S CRUISES, 1905-1908. 

CRUISE I. AUGUST TO DECEMBER 1905. 

After the various necessary alterations (see page 130) were completed, and an inspection 
was made by the President of the Carnegie Institution of Washington, the Galilee was ready 
to enter upon her duties in August 1905. Magnetic observations were made under the 
Director’s instructions and supervision, at various places on the shores around San Fran- 
cisco Bay, from the results of which the most suitable place for swinging ship was determined. 
The Galilee was then swung, with the aid of a tug, on August 2, 3, and 4, in San Francisco 
Bay, between Goat Island and Berkeley, and the various ship’s deviation coefficients were 
thus ascertained. (See Plate 1, Fig. 1.) 

On August 5, 1905, the Galilee started from San Francisco on her first cruise, securing 
magnetic observations daily to a greater or less extent, according to conditions of the 
weather and sea, swinging twice under sail, and arriving at San Diego, August 12. This 
first short passage of the cruise was an experimental trip, various instruments and methods 
being subjected to trials under the supervision of the Director, who accompanied the 
expedition as far as San Diego for this purpose; during this trip he also completed the 
training of the observers, and tested under sea conditions the deflecting apparatus devised 
for measuring the horizontal intensity of the Earth’s magnetic field. 

After some further alterations had been made at San Diego and the deviation coeffi- 
cients had been redetermined, the Galilee again set sail on September 1, this time for the 
Hawaiian Islands, and arrived at Honolulu on September 16. The shore observations 
and the instrumental comparisons at the Honolulu Magnetic Observatory having been 
completed, she left Honolulu September 28, after the vessel had been swung at a point 
abreast the Honolulu Magnetic Observatory, sail was set for Fanning Island, where the 
Galilee arrived on October 10. When the necessary harbor swings and shore observations 
at Fanning were completed, a course was taken south, on October 14, to about 1?6 south 
latitude in longitude 197?3 east, which point was reached on October 17 ; next a northwest- 
ward course was followed to about meridian 190?5 east, thence to Honolulu, where the 
expedition ^arrived on November 7. After completion of her observations, the Galilee left 
Honolulu November 12, following a northwesterly course to about 28!2 north latitude and 
longitude 196?5 east, from which point she proceeded to a point somewhat north of lati- 
tude 41.2 in longitude 209?7 east, and thence she followed a direct course to San Diego, 
lhe first cruise was thus completed at San Diego on December 9, 1905, a distance of 10,571 
nautical miles having been covered. The necessary swings and closing shore observations 
were made at San Diego between December 11 and 18. 

, commander of the vessel on this cruise was J. F. Pratt, an experienced officer of 

the United States Coast and Geodetic Survey. By the courtesy of the Secretary of Com- 
merce and the Superintendent of the Coast and Geodetic Survey, he was granted the neces- 
sary furlough, and entered the temporary employ of the Department of Terrestrial Mag- 
tism for the purpose of assisting the Director in the inauguration of the magnetic survey of 
the ocean areas, and to prepare the vessel for the purposes of the expedition. The other 
members of the vessel’s scientific personnel were: Dr. J. Hobart Egbert, 1 magnetic observer 
an + rr*’ ma § ne tic observer; and P. C. Whitney, 1 magnetic observer and 

wa j -2 h e sailing-master was Capt. J. T. Hayes. For a fuller account of the cruise 

see J. F. Pratt s report (pp. 128-134) and abstract of log (pp. 141-143). 

tempo “plo°y of thXtrtment °° Urte0U8ly ^ teloU « h to 
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CRUISE II, MARCH TO OCTOBER 1906. 

To settle the various matters pertaining to the continuation of the work and the pro- 
posed additional alterations in the ship and in the instruments, which were shown desirable 
by the experience of the first cruise, the Director made an inspection trip to the Galilee at 
San Diego, December 15-18, 1905. As all the members of the scientific personnel of the 
first cruise, excepting Observer J. P. Ault, were .obliged to return to their duties with the 
United States Coast and Geodetic Survey at the expiration of their furloughs, it was neces- 
sary to reorganize the staff. W. J. Peters, who had been in charge of scientific exploring 
parties of the United States Geological Survey m Alaska, and had been second in command 
and in charge of the scientific work of the second Ziegler Polar Expedition (1903-1905), was 
intrusted with the command of the Galilee for the balance of her work (1906-1908). To 
him were assigned as assistants on the second cruise, Observers J. P. Ault and J. C. Pearson 
(formerly instructor in physics at Bowdoin College), and Dr. H. E. Martyn, surgeon and 
recorder. Alterations in the vessel, decided on by the Director, were made chiefly under 
the direction of J.F. Pratt, in command of first cruise, who also rendered the new commander 
the requisite assistance in the preparations for the second cruise. (See Plate 1, Fig. 3.) 

The alterations, harbor swings, and shore observations having been completed, the 
Galilee left San Diego on March 2, 1906, and took a direct course for Fanning Island. A 
stay of 10 days from March 31 to April 10 was made at this port, during which time all 
necessary shore and swing observations were made at the stations occupied on the first 
cruise. The next stop was made at Pago Pago, Samoan Islands, from April 26 to May 1. 
On account of great local attraction, and from lack of tug facilities, no harbor swings or 
shore observations were made at this point. At Apia, Samoan Islands, May 3 to 9, 
comparisons were made between the Galilee instruments and those of the German Geophys- 
ical Observatory, then in charge of Dr. Franz Linke, to whose kindness and cooperation 
appreciative reference is made. The Apia Geophysical Observatory was originally estab- 
lished under the auspices of the Gottingen “Konigliche Akademie der Wissenschaften” for 
the purpose of participating in the scientific program of the British and German Antarctic 
Expeditions of 1902-03. Later it was continued, at the solicitation of the Carnegie Insti- 
tution of Washington, in order to furnish magnetic data desired in connection with the mag- 
netic survey of the Pacific Ocean. Harbor swings were not made at Apia, owing to the lack 
of sufficient tug facilities and to the strong harbor currents. 

At the next port, Suva, Fiji Islands, comparisons were made between the instruments 
of the ship and those used by G. Heimbrod, then in the employ of the Department as a 
temporary magnetic observer for the work on the islands of the South Pacific. Harbor 
swings were also made at Suva on May 18 and 20. Jaluit, of the Marshall Islands, was 
reached on June 21 and shore and harbor observations were made, inclusive of a vessel 
swing, after which a course was made for Guam on June 30. Between July 11 and 24, harbor 
swings and shore observations were made at San Luis d’Apra, Guam. Thence sail was set 
for Yokohama, Japan, where the expedition arrived on August 13. 

At Yokohama numerous shore observations as well as harbor swings were made and, 
through the courtesy of Dr. K. Nakamura, in charge of the Central Meteorological Observa- 
tory of Tokio, and of Dr. A. Tanakadate, of the University of Tokio, comparisons with the 
observatory standards of Japan were secured. To both of these gentlemen, and to their 
assistants, grateful acknowledgment should be made. 

On August 24 the Galilee dragged her anchors in a typhoon and was blown on the break- 
water at Yokohama, and sank in 14 feet of water; as soon as possible she was dry-docked 
and the necessary repairs were made. Fortunately the damage was not very serious, and 
she was enabled to take up her work again on September 6, on which date the expedition 
left Yokohama for San Diego. Arriving at San Diego on October 19, she had thus ter- 
minated her second cruise in the Pacific Ocean and had covered on this cruise approximately 
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16,286 nautical miles. The closing shore observations were next made and the vessel was 
swung on October 22, 1906. Throughout the cruise magnetic observations were made as 
frequently as the weather and sea conditions permitted. For further information see 
abstract of log (pp. 143-146). 

CRUISE III, DECEMBER 1906 TO MAY 1908. 

Between November 1 and December 22, 1906, various shore observations, harbor 
swings, and investigations were made at San Diego and the vessel was overhauled and out- 
fitted preparatory to her third cruise. During November 16-22, Mr. Peters conferred with 
the Director at Washington, and received final instructions for the forthcoming cruise. 
December 22 the Galilee set sail from San Diego and entered upon “Cruise III,” the 
scientific party consisting of the following persons: W. J. Peters, in command; Observers 
J . C. Pearson and D. C. Sowers; and Dr. G. Peterson, surgeon and recorder. Captain J. T. 
Hayes, as heretofore, was sailing-master. Mr. Pearson was relieved by Observer P. H. Dike 
at Sitka, Alaska, July 31, 1907. (See Plate 2, Figs. 1 and 2.) 

The port of Nukahiva, Marquesas Islands, was reached on January 18, 1907. No 
harbor swing of the vessel being possible here, the Galilee, upon completion of the shore 
work, proceeded on January 24 to Tahiti, arriving there January 31. During a stay of 
19 days at this port, harbor swings and land observations were carried out in detail. The 
next stop was made at Apia, Samoan Islands, where, between March 3 and 14, various 
standardizations and comparisons of instruments were made at the Apia Geophysical 
Observatory. This was the second time that these highly essential observations and checks 
on the instrumental constants of the ship had been obtained at this important observatory. 
The observer-in-eharge, Dr. G. Angenheister, as well as the retiring observer-in-charge, 
Dr. F. Linke, rendered the Galilee all necessary assistance, hereby gratefully acknowledged. 
Harbor swings of the Galilee, however, could not be attempted at this port. 

Leaving Apia March 14, Yap Island was made on April 14. Here various observations 
consumed 9 days. Sailing from Yap Island April 23, Shanghai was reached on May 8, 
where the principal stop was made. Comparisons of the Galilee instruments were made 
with the standard instruments of the Zikawei Observatory, Father J. de Moidrey, S. J., 
in charge of the magnetic work, furnishing every facility possible, for which our hearty 
thanks are due. Swings of vessel, on account of high tides and absence of motive power on 
the Galilee, could not be made here in port, but had to be undertaken directly after leaving 
Shanghai on May 31, in the mouth of the Yangtse River, where they were secured with 
great difficulty and delaying the vessel until June 4. 

From Shanghai Mr. Peters was directed to proceed due east towards Midway, putting 
in there, if conditions did not make the entry to the harbor hazardous with a sailing 
vessel, and from thence to make Sitka, in order to cover this passage during as favorable 
a part of the year as possible. Tempestuous weather, however, was encountered on almost 
the entire trip, blowing the vessel out of her set course, preventing swings, and rendering 
impossible magnetic-decimation observations because of absence of sun or stars, so that the 
course and program of work outlined could be followed only approximately. For about 
750 nautical miles from Shanghai the course was practically the same as that of the 
Challenger, and no landing on Midway Island could be safely attempted. After following 
an easterly course in general to longitude 181 ?5 east, latitude 37° north, course was laid 
directly for Sitka, the Galilee entering this harbor July 14, 1907, and being swung on July 
16 to 19. In spite of the bad weather, the trip from Shanghai of 5,507 nautical miles was 
made in 41 days, averaging about 134 nautical miles per day. 

The Director met the Galilee at Sitka on July 28, inspected the work and instrumental 
outfits, and discussed with the commander the future work. Two new instruments were 
introduced in the work, viz, the newly received and improved sea dip-circle 189, and a 
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new Ritchie liquid compass fitted with sea deflector No. 2 arranged to take the place of sea 
deflector No. 1 for determining directly the horizontal intensity of the Earth’s magnetic 
field, as also the magnetic declination. Furthermore, a spare gimbal stand was mounted 
for the purpose of attempting certain atmospheric-electric observations. J. C. Pearson 
having been continuously on sea duty as magnetic observer from January 1, 1906, to July 
31, 1907, was relieved and assigned to magnetic-survey duty in Alaska, Observer P H. 
Dike being assigned to his place on board the Galilee. Mr. Dike, in addition to taking 
part m the magnetic work, undertook the experimental work in atmospheric electricity, for 
which he had specially qualified himself by work abroad and by further investigations at 
Washington. 

The requisite instrumental determinations and comparisons having been completed at 
the Sitka Magnetic Observatory, the Galilee put to sea once more on August 10, and arrived 
at Honolulu on August 28, having had a favorable passage. Swing observations were made 
on August 29, at Honolulu, and the vessel was overhauled and re-outfitted before continuing 
the cruise. After the necessary instrumental determinations and comparisons at the 
Honolulu Magnetic Observatory were secured, the Galilee left Honolulu September 26 and 
reached Jaluit, Marshall Islands, October 21, where connection was made with the Galilee 
observations at this port in 1906, harbor swings being made on October 24. 

Having completed the shore and harbor work, the Galilee set sail from Jaluit on Novem- 
ber 5 for Port Lyttelton, New Zealand. November 11 found the vessel becalmed in the 
Lagoon of Jaluit and in a very dangerous position because of the many reefs and the lack 
of any auxiliary power. For 6 days she had lain thus, being aground on a reef at one time 
for a period of several hours, when the opportune arrival of the German mail steamer offered 
a means of towing out to sea. Course was then laid on November 1, directly for Lyttelton 
via Cook’s Strait. In this passage of the cruise the lack of auxiliary power was again sorely 
felt, when for 4 days every effort had to be made to keep clear of the New Hebrides Islands, 
towards which the vessel was carried by currents and contrary winds. Port Lyttelton was 
reached late in the afternoon on the day before Christmas. Lieutenant Shackleton’s 
Antarctic Expedition in the Nimrod was found to be just in the midst of final preparations 
for departure. This fact, in connection with the holiday season, delayed work until the 
very end of the month. The New Zealand government, through the premier, the Rt. 
Hon. Sir Joseph G. Ward, and the Port Lyttelton Harbor Board, extended to the Galilee 
party every possible courtesy and aid, giving not only free wharfage but also transportation 
facilities on the railways and the service of a tug for use in swinging; the facilities of the 
Christchurch Magnetic Observatory were also put at the disposal of the Galilee party. 
Dr. C. Coleridge Farr, of Canterbury College, and Mr. H. F. Skey, director of the Christ- 
church Magnetic Observatory, rendered the party every possible assistance. Grateful 
acknowledgments are due the New Zealand government and these gentlemen. 

Upon completion of the instrumental comparisons at the Christchurch Observatory, 
and of the shore observations, the Galilee was swung on January 2, 1908, off New Brighton 
Beach. Departure from Port Lyttelton was taken on January 17. The course followed was 
practically along the parallel of 43° south to about longitude 108° west, from which point 
the course was generally northeast until arrival in Callao Bay, Peru, on March 10. In this 
passage from New Zealand, violent gales were encountered between February 7 and 11, 
the vessel scudding at one time before the wind under bare poles, but thanks to her experi- 
enced sailing-master, Captain J. T. Hayes, she safely outrode every gale, though somewhat 
the worse for wear. (See Plate 2, Figs. 3-7.) At Callao a delay of some two weeks was 
necessary for repairs, chiefly of the rudder. The land and sea work having been completed 
at this port, and the Galilee having been swung on April 4, she entered on the final passage of 
her cruise, setting sail on April 5 for latitude 1?5 south and longitude 114° west, whence a 
north course was followed to latitude 12° north. From this position the track followed was 
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almost a direct one to about 31° north latitude in 137?5 west longitude, from which point 
course was set for the Golden Gate. San Francisco was reached on May 21, 1908, thus 
concluding Cruise III, begun at San Diego on December 22, 1906, and having a total length 
of about 36,977 nautical miles. 

On Cruise III, 12 harbors were visited, at all of which extensive shore observations 
and intercomparisons of ship and land instruments were made; in 3 of the harbors swinging 
ship could not be undertaken, either for want of tug facilities or because of insufficient 
space. 20 primary land stations were established ; also, in the neighborhood of the primary 
stations, 20 secondary stations for purposes of intercomparison and standardization of ship’s 
instruments. While at sea during Cruise III, in addition to the course observations, which 
were made as frequently as weather and sea conditions permitted, frequent swings, under 
sail, on 6 to 8 headings, were carried out. Astronomical observations for position, with 
determinations of position by dead reckoning, daily intercomparisons of 5 chronometers, and 
daily meteorological observations were made. 

_ The closing shore observations were made at San Francisco, and after the swing obser- 
vations on May 23, 25, and 28 were completed, the Galilee was returned to her owners on 
June 5, 1908. She had been in almost continuous commission since August 1905, or a 
period of 3 years less 2 months, during which cruises of 63,834 nautical miles were carried 
out with her in all parts of the Pacific Ocean, without serious mishap, and without loss of 
human life. For further information regarding Cruise III, the abstract of ship’s log 
(pp. 147—154) may be consulted. The three cruises of the Galilee are shown on Plate 6. 

METHODS OF WORK ON THE GALILEE. 

GENERAL PRINCIPLES FOLLOWED. 

From the very beginning of the ocean magnetic work on the Galilee in 1905, two princi- 
ples were steadfastly held in view: 

a. To get useful work done and make the results promptly known. 

b. To strive for the highest accuracy attainable in all magnetic elements. 

Early in 1905 the Director spent a month abroad consulting various eminent investi- 
gators as to the requirements of ocean work, but could get practically no information 
in addition to what he had already obtained in his previous experience on Coast and 
Geodetic Survey vessels, on board of which magnetic work had been initiated under his 
direction in 1903. _ Thanks to this experience, it was possible for him, during the period of 
the experimental trip of the Galilee from San Francisco to San Diego, in August 1905, to fix 
upon the methods used practically throughout the three years the vessel was in commission. 

I he general principles followed were to secure complete control of each instrumental 
constant m every available manner, and to obtain independent checks upon the observed 
values of the magnetic elements by securing simultaneously two independent determina- 
tions of each element, under conditions as widely different as possible; i. e., different 
observers, different instruments, and at different stations on the observing bridge, so that 
ne corresponding ship-corrections or deviation-corrections would either vary in amount 
or even change sign. 

The instructions called for special harbor swings when feasible, each swing to be on both 
helms and on a separate day. These swings generally required a tug, though a launch would 
ao under favorable weather conditions. Swings at sea, under sail, were also prescribed at as 
frequent intervals as conditions of sea and weather permitted. Under sail, usually one and 
sometimes two out of eight equidistant headings would be missed. In order to make 
swings possible for a sailing vessel in calm weather, the Galilee was equipped on her second 
cruise with a naphtha launch swung at the stern davits when not in use. With the aid of 




Views of Galilee, Cruise I 


I Swinging ship, San Francisco, August 2, 1905 


2 Galilee under sail 


3 General view of Galilee 
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this launch, the ship was pulled around, during a swing, or towed along, if need be, in calm 
weather, in order to get sufficient headway to steer. This was tried with some success 
on the second and third cruises when calm weather was encountered. 

Regarding the magnetic observations made on the ship’s course, the endeavor was to 
distribute the observations over varying courses as far as possible. In other words, the 
attempt was to vary the magnitude and sign of the deviation corrections between successive 
swings as much as possible under the conditions encountered. 

Upon arrival at port, besides harbor swings, shore observations were made, both with 
the set of absolute land magnetic instruments (magnetometer, and dip circle or earth 
inductor) and with the ship magnetic instruments, consisting of a standard compass, a sea 
dip-circle, and a sea deflector described later. Wherever there was a magnetic observa- 
tory, as at Christchurch (New Zealand), Honolulu, Apia, Zikawei, Sitka, and Tokio, 
comparisons were made with the observatory standards. Thus sufficient opportunities 
were afforded for the required control of the instrumental constants. 

It was soon shown that, by the methods employed, the observational errors were not 
only considerably less than the chart errors, but were also, in general, less than or about 
on the order of the errors of the deviation-corrections. In other words, the uncertainty of 
the deviation-correction soon became our chief concern. If this was so with the precau- 
tions taken on the Galilee, having, as already said (p. 7), smaller deviation-coefficients 
than any other vessel previously engaged in magnetic work, and swinging ship every third 
or fourth day, it would have been much truer on a vessel having larger deviation-coeffi- 
cients and less opportunity for swings, as had been the case in previous expeditions. 
Obviously, then, there was no need to defer the effort to obtain useful results until ocean 
instruments had reached the same state of perfection as land instruments, unless one were 
assured that funds would soon be available for the building of a wholly non-magnetic 
ship. This assurance we did not have when the work was begun on the Galilee, and so 
we were determined to make the ocean work a success and to make the results known 
promptly. " As a consequence, it was already possible in the June 1906 issue of Terrestrial 
Magnetism and Atmospheric Electricity to call attention to large systematic errors in the 
Pacific Ocean charts of the magnetic declination, inclination, and intensity of field. Sub- 
sequent data have been supplied with equal promptness to the leading hydrographic 
establishments which construct and issue magnetic charts for the use of mariners. 

The prompt reduction of the observations and the many controls insisted on whenever 
the vessel reached port served to disclose the weak points, but not always as quickly in the 
early work as desired. Thus, because the deviation-coefficients were different at the various 
positions of the instruments, it was not possible to get an immediate comparison, for 
example, in decimation observations made at two different stations on the ship. The devia- 
tion corrections could not be successfully determined until the completion of a cruise cover- 
ing a large enough range m magnetic latitude. And here is where the great advantage of 
having a non-magnetic ship, like the Carnegie, counts most heavily; on board her it is 
possible to make a nearly final computation a few minutes after completing the obser- 
vations, and thus to check up an observation at once and repeat it, if necessary. 

The observers did not merely make the observations on board the ship, but also the 
first, or field, reductions. The observations and preliminary computations were not allowed 
to accumulate, but were forwarded promptly from the first mailing-port to the office at 
Washington, where they were subjected to a careful examination, and the final reduction 
was made as soon as possible. Abstracts of the chief results obtained were kept aboard 
for future guidance. 

At each cable port the commander of the vessel reported his arrival and experience, 
and held the departure of the vessel subject to advice from the Director. Thus the ship 
was kept in close and effectual touch with the Director throughout, and possible improve- 
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ments could readily be communicated. Usually, in past expeditions, the reduction of obser- 
vations has been deferred until the close of the work, when possible improvement, suggested 
by the results, could no longer be made. Moreover, the publication of results generally 
occurred so long after the observational work was completed that other expeditions were 
unable to profit by the experience gained on previous ones. There appears to be nothing so 
harmful to research as lack of promptness in the reduction of observational data and in the 
publication of results. Not infrequently delay in making the data available has caused the 
defeat of the very purpose for which the observations were undertaken. 

To accomplish prompt reduction, the following principles were followed as closely as 
possible: 

First, to have instruments, methods of observation, and methods of computation 
all form one harmonious whole, not to be treated as though they were independent of one 
another. With instruments properly constructed and carefully tested, it has been found 
possible to get absolute values of the magnetic elements with an accuracy sufficing for all 
purposes — scientific as well as practical. 

Second, to adopt such observing program as would fit the purpose, the instruments, 
and the form of computation. A good scheme of observation takes advantage of the capa- 
bilities of an instrument in the briefest possible time and is so arranged that independent 
computers, can get but one result, if no computation errors have been made. Observers 
have had impressed upon them the fact that their observations have no value until com- 
puted and, hence, that they must bear the computer in mind and consider what his task 
will be. 

It was thus possible for the Director to be almost as closely in touch with the work as 
though he himself were continuously on the vessel. 

. 0n . e of first lessons learned was that it is rarely, if ever, possible to have ideal con- 
ditions in ocean work. In consequence, the development of good judgment in the observer 
has been one of the prime requisites. Sometimes in an instant he has to be able to change 
his plan of observation and be content with a fair degree of accuracy, or get no observations 
at all. 


REGARDING OBSERVATION FORMS. 

. ^ difficult, even for a magnetician experienced in observatory work or in mag- 

netic surveys on land, to form an adequate conception of the problems confronting one in 
ocean work, there wifi be given later in more detail the directions followed in the observa- 
tional work, as well as specimens of observations and of computations. Various practical 
schemes for making satisfactory ocean observations had to be devised, and a lar ge number 
of printed forms were prepared for simplifying both the recording and the computing of 
the yarious lands of observations. Comparatively few hints could be gleaned from the 
published reports of previous expeditions as to the best and most efficacious methods of 
determining ship deviations for all three magnetic elements. While considerable work had 
been done with regard to observations for declination deviations, comparatively little was 
available for guidance m obtaining correctly and accurately the dip and intensity devia- 

ions^ Fortunately this troublesome part of ocean magnetic work has been eliminated on 
the Carnegie. 

Suitable printed forms are a very great help not only in properly recording observa- 
tions, but also in quickly calling attention to the omission of important information required 
by an office computer who, necessarily, is unacquainted with the circumstances under which 
the observations were made. A proper and suitably arranged record of observations reduces 
tde labor of computation. 
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MAGNETIC INSTRUMENTS USED IN THE GALILEE WORK. 

GENERAL CONSIDERATIONS 

The available space on board ship for magnetic work is necessarily restricted and m 
fact is never as large as one would like— not even on the Carnegie. Hence it becomes 
essential to arrange the instruments so that what is aimed at can be accomplished without 
bringing them so close as to have an effect on one another, thus again introducing devia- 
tion corrections. There are three elements to be determined: the magnetic declination 
inclination, and intensity of the Earth’s field. 

The general experience in magnetic work has abundantly shown the need of getting, 
whenever possible, a totally independent check on each element. Hence each element 
should be determined twice, preferably by simultaneous observations, which would require 
6 different instruments or the measurement of more than one element with the same instru- 
ment. The first is rarely practicable because of the limited space for observing and the desir- 
ability of taking advantage of the best possible conditions regarding steadiness of ship, etc. 

Our developments have accordingly been along the second line, viz, that each instru- 
ment should be capable of measuring, as far as practicable, at least two different magnetic 
elements. Thus an instrument primarily intended for magnetic declination was arranged, 
by a suitable deflection device, to measure also the horizontal intensity; one arranged 
chiefly for horizontal intensity was so made that declination could be observed with it, 
and finally the adopted dip circle measured both the inclination and the total intensity. 
Thus it was possible to apply all needful checks, and the instrumental equipment was such 
that the three magnetic elements could be determined wherever the vessel might happen to 
be. In regions of low horizontal intensity it is better to employ a total-intensity method; 
hence the need of appliances for measuring both. 

Next, a symmetrical development of all instruments was striven for. It was recognized 
as a mistake to pick out any one instrument, e g., an intensity instrument, and devote 
exclusive attention to it, disregarding the way it would fit in with the other appliances. 
Hence, from the start, equal attention was bestowed on all three elements, various methods 
and instruments being studied and thoroughly tried out under actual sea conditions. 

The improvements in instruments and the new principles which were developed for 
the work of the Carnegie are described on pages 177-203. 

SEA INSTRUMENTS FOR MAGNETIC DECLINATION. 

. Tii e magnetic declination was determined on board the Galilee chiefly with a Ritchie 
United States Navy standard liquid compass and azimuth circle of latest pattern. This 
well-constructed compass is made by E. S. Ritchie and Sons of Brookline, Massachusetts, 
and in only one size, viz, 7f-inch card curved inward, graduated to every degree, and is 
provided with four cylinders of needles with central buoyancy, the keel-lines being enameled 
on copper. The azimuth circle is the Ritchie type III, as used in the United States Navy; 
it is carefully fitted to the top of the compass, and carries the optical parts. The rays of 
the Sun are received directly upon a cylindrical mirror and reflected through a right-angle 
prism on the opposite side of the ring, appearing on the card as a bar of light upon the 
graduation. (See Plate 3, Figs. 1-4.) 

Some declination results were also obtained with a Negus liquid compass, bearing the 
imprint, “sold by T. S. and J. D Negus.” It was made by E. S. Ritchie and Sons, and is 
catalogued by them as a “flat-card compass with central buoyancy”; the card is 8 inches in 
diameter, is graduated to single degrees, and supports six cylinders of magnetic needles, these 
cylinders being somewhat smaller than those in the Ritchie standard compass. This 
compass is not so well constructed as the “standard,” and is listed, size for size, at about half 
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°+ f WR latter ; fl Tke azhnuth circle is th e Negus pattern, and is described in con- 
nection with the sea deflector, page 24. (See Plate 5, Figs. 1-4.) 

T , ■ experimental declination observations were also made with a Kelvin compass. 
IwSS silk-suspended card compass, designed and patented by Sir William Thom- 
son (Lord Kelvm). The Kelvm azimuth instrument for this compass was made by the 
Kelvin and James White Company. (See Plate 3, Fig. 5.) 

x +1 ? actlcally ev f y ™ odera azimuth device was given a trial, but none was found equal 
to the requirements of all the varied conditions encountered. In general the simplest 

0^7 W S e - °7t t0 bG thG , \ eS \ With brigbt Sun and a fairly smooth sea, good results 
can be _ obtained by a careful observer with any of the best azimuth circles in use. For 

the varied conditions encountered, the observers on the Galilee gave preference in general 

for fahS bSltT rl? m f ti0 . ned above > this ba ™g both a prism-reflection device 
forfairiybnght Sun and a direct-vision method. Apparently there was considerable room 

here for improvement, for it frequently happened that, under conditions which still per- 
bSSuse' Sun X^fW aZ v! m v th obser T ations on land, none could be made at sea, 

aSSe 5,1 ° r t0 ° famt *° admit ° f ° btailling 800d ^ 

Of + w er 5 ^OWE ^appliance was found subject more or less to the error arising from motion 

^ magnetlC beariHg 0f tbe celestial body ™s being taken. To dilate 
s error it was necessary to extend the observations over a sufficiently long interval so 

htd 'beeVeffiXated 6 ' Vhk b ^ f ° f the Vari ° US motions of tbe card 

tefl iust at^Xt nffinf nf?bX f ' ® d °? Tv® ° r leSS blindly > however, as one could never 
obtaffied FurtheXtp S of motion the magnetic azimuth of the stellar body was 

appllail f ces bad movable P^s subject to wear with 
equent use, such as the axes of mirrors or of prisms and the wear of the azimuth circle 

nf 1 ihp aT\ Llk + T 1S<3 ’ ^f^ation errors of the card had to be considered. The result 
USU&1 S ^ P S com P asses and azimuth circles was the introduction of 

X X ? the sbip,s magnetism > but t0 P-elytsX 
necessX to to Xolf to f e P arate th e “apparent” from the “true” deviations, it was 
reachedtort g °X° a ? h an elaborate senes of shore observations whenever the vessel 
jr bedp ° + Tbe skip instruments were invariably dismounted and used ashore alona- 

of \e GMeeth^tStwo^ 10 ° U f? WOrk ‘ As f ar as kn ° wn > # was m the wofk 

oj the (jraluee that the two sources of deviation-coefficients— those due nurelv to shin’s man- 

rated! “see, for examplefpp^ 4 ^)^^ mstruments ~™ e ™ first systematically sepa- 
of the vear and oof imtS+LI f + v. j d tb {?? prevailing on the coast at that time 

Z SST ^ 0Ut “ " — » observations 

for ft 6 ZS etiC - bearingS ° f MlestM ob i ects - and bence results 

the m5« s^ TSadL O ean T T “ the ^ »f 

inclination and intensity could be obtained but mn»°f ^ ° r , fog ; r ® dt ? for magnetic 
some portions of the cruises of th! H X f magnetlc declma tion. Thus on 

^e 3d 

instrumenWdiMfeaWe renS UEClen4 nU “ ber - ^ °“ »f the 
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Practically every difficulty in securing magnetic results at sea, with the desired degree 
of accuracy, has been surmounted, as will be seen from the specimen results given later, 
with the exception of this particular one— how to secure magnetic declinations when no 
celestial object is visible with the aid of which a true azimuth can be deter mine d On land 
the magnetic meridian can be referred to some fixed object, the azimuth of which may be 
determined at leisure and when the skies permit. At sea, in cloudy weather, no fixed object 
is to be had. It is hoped that some time tests may be made as to how far a device based 
on the gyroscope will solve this problem. 

While L. A. Bauer’s attention was being devoted to the perfecting of appliances and 
methods for inclination and intensity, W. J. Peters was making a careful study of instru- 
ments for measuring the magnetic declination at sea. Special experiments and studies 
were carried on by him as opportunity afforded, especially on the third and last cruise 
of the Galilee. As the result, there was devised the “marine collimating-compass,” which 
became the principal declination-instrument on the Carnegie. There have been eliminated 
in this compass (see pp. 177-178) the chief instrumental sources of error in magnetic- 
declination observations at sea described on page 18. 

Studies of the declination results with the instruments which were used in the Galilee 
work showed that on land the magnetic declination could be obtained with the standard 
Ritchie 7f-inch liquid compass, using either the cylindrical mirror or the dark plane mirror, 
within 0?2, and with special care within 0?1. However, these devices did not afford such 
precision when used at sea; it was found, for example, that the results from 8 different sets 
of 10 pointings each differed at times as much as 0?5. The Kelvin azimuth attachment on 
the dry compass was frequently found to give even more discordant results, which, however, 
in some measure, may have been caused by the near synchronism of the card oscillation and 
the roll of the ship. 

SEA INSTRUMENT FOR INCLINATION AND TOTAL INTENSITY. 

The magnetic inclination and total intensity of the Earth’s magnetic field were deter- 
mined with the well-known Lloyd-Creak dip-circle,” modified as experience showed neces- 
sary. This form of dip circle, designated hereafter as “sea dip-circle,” for use primarily 
in observations at sea, replaced the well-known “Fox dip-circle,” devised in 1835, which 
had made possible the admirable ocean magnetic work in the fourth decade of the last 
century on the Erebus, Terror, and Pagoda, and had been used in subsequent expeditions 
(' Challenger , 1872-76; Gazelle, 1874-76; and on various Arctic and Antarctic vessels). 

Briefly described, the new instrument applied the method of Lloyd’s needles for the 
purpose of determining the absolute inclination and the relative total intensity at sea; it 
embodied a number of modifications of the Fox dip-circle, the chief improvement being in 
the mounting of the needles, which greatly facilitated the various operations, reducing to a 
minimum the possibility of injury to pivots of needle, permitting reversal of needles, etc. 
The improvements were devised by Capt. Ettrick Creak before his retirement from the 
superintendency of the Compass Department of the British Admiralty, and the expenses of 
the initial experiments were defrayed by the British Admiralty. Several instruments were 
constructed under Captain Creak’s direction, and, after having passed the tests of the Kew 
Observatory, were supplied to the Antarctic vessels of 1902-04, the Discovery of Great 
Britain and the Gauss of Germany. Unfortunately, there were some instrumental defects 
in these Lloyd-Creak dip-circles, the German observer (Dr. F. Bidlingmaier) being highly 
dissatisfied with the performance of the instrument on the Gauss. For some reason any 
intensity observations which may have been made at sea on the Discovery with the new 
instrument have not been published in the volume of results of the British expedition. An 
instrument supplied about the same time to the United States Coast and Geodetic Survey, 
and another one used on the first cruise of the Galilee, likewise required modification before 
they could be used successfully. 
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fnr «w te t’ Figl ? e 1; S lT s the original form of L - c - dip-circle mounted on a tripod 
for shore observations. The counterpoise, seen attached to the base, is only used for bal- 

ancmg the instrument when mounted on board ship on the gimbal stand. The illustration 

! *? taol T ent ^"ed by us for shore-work, as des^ibeJlate tI00 
me graduated back-circle and other parts of the Fox dip-circle are omitted in the T r 

7* K fT i by , tMck ^ glass ' There is theS„”!o“ytt one^S: 

counttog «• 

cvlmSoareu'df Z Vn a Cm ' '? g and axles terminating in small 

ylmdrical ends, about 0.5 mm. long, rounded off at the extremity and highly polished 

nf?hen edl Jl m0unted > swings in the plane of the vertical circle The ends ox ports' 

5?S£ nee d&; 0 “ 2 k X:2 ‘tyThT 6 * ci “ 

another it Is essential to’set the thread on ‘° 0 “ e 

to T°l£^oSlr^“ 

to the pivots rf the su®mded„eJlZ 1VOry ZT?' . sufficient vibratim b ^parted 

of the jewels, so m ™a2 the ,, TT “Z’ZT b «‘™en them and the sides 

rJ u ' L . I cause the needle to settle down to the lowest point of the bear-mo- 

the deflecting needle frZln?£y to the ^ ^ “ f ° r the pm * ose of protecting 

during intensity observation? P ° m SUdden changes of temperature 

accoA^lXcSm!tiL th of?hT^^^^ ^dwlf ^ the F ° X dip ' circle consists ' 

the jewels in ^rSSTrfl?!^ ? d ^ e / em0Val of the W hal ^s of 
observations in all positions emnWpd fnv 6 W . 0rk ' , T J US forin of bearmg permits making 
ready removal and replacing of the need^^Th a ^? 0 ute ^ sults on iand, and also permits 
therefore, have their ^ P ^ edleS USed “ the sea wor k can, 
of gravity, just as for land work. ^ 6 lmmatlon of error due to eccentricity of center 
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The horizontal circle is 12 cm. in diameter. The gimbal stand is so placed with respect 
to the vertical plane passing through the central fore-and-aft line, and the horizontal circle 
is so graduated, that its zero and center are approximately in this fore-and-aft vertical 
plane when a certain footscrew is placed in the proper groove. If, for example, the ship is 
heading to the magnetic north and the circle is set at zero, the plane of suspension of the 
needle will be m the magnetic meridian. From the course, then, as shown by the standard 
compass, with any necessary deviation corrections or index corrections applied, the instru- 
ment can be readily placed in the magnetic meridian with suflicient accuracy without 
resorting to the magnetic-prime-vertical method. In the recent instruments, constructed in 
accordance with our specifications, the horizontal circle is graduated continuously from 
m° t0 noo?° m J the direction of counting azimuths (S, W, N, E) instead of the usual quadrantal 
+ - * ) , 8Ta i du 1 atlon - Thls was done especially to facilitate, when required, the determina- 

tmn of the decimation on land with the aid of the compass attachment mentioned above. 

The gimbal stand used for mounting the dip circle aboard ship is solidly constructed 
of brass, the upper part consisting of two gimbal rings, of which the inner one has three 
radiating grooves for receiving the footscrews of the dip circle; the brass balancing-weight 
is adjustable m height by a screw cut in the rod passing through it, so that, the period can 
be regulated to suit the conditions. In the recent stands these gimbal rings move on knife- 
e ges. For readily placing the gimbal stand in the required position on deck, a lubber-line 
is cut across the outer fixed ring encircling the gimbal rings. When this lubber-line has 
been placed in the vertical plane passing through the central fore-and-aft lino of the ship, the 

b S 6d d u 0W ^ JP th ® deck - . To overcome the ship’s vibration somewhat, 
solid sheet of rubber about three-fourths inch thick is put under the base of the stand in 
each case. The stand is furthermore surrounded by a brass railing, against which the 

bals^T T Tm °kf rvil f < See Plate 4 > Fi S- 2.) For the improved form of gim- 
bal stand, constructed in the instrument shop of the Department of Terrestrial Magnetism 
and used on the Carnegie, see Plate 14, Figure 5, and pages 19G— 197. 

Figure°l observatlons ’ a s P ecial non-magnetic tripod is provided, as seen in Plate 4, 


Improved Sea Dip-Circle Used on Cruises II and III. 

mtrodut d diufLTrT Ch p n ?r S mentio ?. ed above > ^ following modifications were 

Spl? J/p* ?• dl P-circles as supplied for use aboard the vessels of the United 
btates Coast and Geodetic Survey and on the Galilee, chiefly during the period 1904-06 
when L. A. Bauer was m charge of the magnetic work of the said Survey and of the Denari 

may^be^du^E^G^Fischer^hSf ^ ^ 

mention d ’ K F h ’ h f f the instrument division of the Survey, deserving special 

The first improvement resulted from our insistence on perfection in construction of tbo 
various parts of the instruments by the English maker, A W. Dover of Charlton Kent 
notably of the pivots and jewels. It was impossible at first to get the Kew Observatory 
o furnish mchnation-corrections on their standard closer than 5’. Thus if for exImpTe 
the correction of one needle were actually about — 2' and another about —8’ the KW 
Observatory might give as corrections of the respective needles O’ and -10'. When 

WaS stated tbat > as tbe observational error of these instruments was laro-e 
the Observatory was not warranted in giving closer corrections. However the observers 
trained by us reached an accuracy not so very far behind that with land dip-circles and we 
finally succeeded, owing to Dover’s skill, in getting instruments for which ti e Kew Ob™ 
tory was willing to give the differences on their standard at least to the ncamft while ^nute" 

it walfound that^ f ° r high values of the total ^tensity! 

as lound that the original deflection distance was a trifle short, and, in consequence^ 
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deflections were unpossible when within about 30° or 40° of the m agnetic eouator Tn 

itoSSlZr the 1 ^ rth ’ s , ma « netl < ! Wd ™ ‘oo oLu in comparison with 
rSrL ^-1 * t xf d ® fl ® ctu ^g needle, and so the suspended needle would not come to w 
perpendicular to the deflecting needle. Thus, on the 1905 cruise of the X T f 

HonoTulu be SL UCaVAble f ° r totaldntensit y observations before the vessel rea^hS 
Honolulu. Similar experiences were encountered in 1904 bv the Coast and PAndlti/s 

it was possible to set the instrument tevel at <lny time We do 

m any book on ocean magnetic work in whot wav ,1 ,. . . a seemg described 

the gimbal stand although thp fnfl 7 1 7 th ® 6x9 . Circle was actually set level on 
occiSion the SdenK&e rf o£™ R • T* f b f 0 4116 “ dinati ™- ^pon one 
dneed an error of about 1-Tin I S’ m r the P 1 ** ^tended for footscrew C pro- 
also paid to the accurate balancing and tevehng of connectlon i special attention was 
poise when mounted on b3p“n ^1X7™““*’ ^ *“ ° f “ 

tion wrs^t^on^S^rSit^ 0ll 7 ed ’ S T of inclina- 

method, inclusive of reversal of polaritv rftiSS” dl ?"f eed J es ac ^ rdin g to the absolute 
those resulting from the deletion ob^rv^ionTat 6 /^ 1 ^'^ 0 ^ deflected ^P 8 ’’ *• e ‘> 
hence not involving any additional time tKa «r 4 o ^stances for gettmg total intensity, 
applied practicafly toX S ame mo^ t' ? l° bs ^ation was such that each dip 

which of course was moving throughout the sa ? ae g eo graphic position of ship, 

the values of the incSSn x In 1905 the agreement b <*ween 

dip-needles was not always satSw lit t ? ob /? ervatlons and from the regular 
chiefly due to the lateral pfay of the susuended 1 ?. iw+ St, ® a 5f n 5 was . found . that this was 
first L. C. dip-circles, the pivots of the various npAdw y-nee ^° - fr the jewels. In the 
length; hence, in order not to have the jewels so cIoq were n< ^. a ^ ways precisely of the same 
needle, they were put far enough apart Vo mil Z lw & \l°* md on the pivots of any one 
play resulted for the needle with the shortest disW^V>‘ + R th +u occ P rred that some lateral 
in the case considered, happened to of tb e pivots, which, 
knob with the ivory N J* 3 f , The 0 f the brass 

needle to move so as to change its distance from ih t e ® S caused th e suspended 

fraction of a milhmeter-sufficient T ZZ he fixed deflec ting-needle (No. 4), by a 
To overcome this difficulty the jewels wai-a appreciab ^ e error in the observations, 

needles were substituted for thos^that were hmndto W ^ N °‘ 3 ' and other 

For certain shore work th£ e 

attachment and an astronomical telpscooA p ded ' for us ® wh en necessary, a compass 

instrument-a theodoliteXchcl^ ZdmZH 0 ^ ^ T ******* a 

ment served ashore for setting the pCe offfdfcS? The compa ^ attach- 

was not desired, or not possible to use 115 T 6 - m the magnetic meridian when it 

possiDie, to use the magnetic-pnme-vertical method, and also for 
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obtaining values of the magnetic declination within 2' or 3'. The instrument is not recom- 
mended, however, for general land work, having been designed to meet the special needs of 
work at sea. 

In addition to perfecting the instrument itself, special experiments have been in progress 
with the view of disclosing the cause of outstanding errors. There is no great difficulty in 
perfecting a magnetic instrument which shall admit of observations with the desired 
absolute accuracy over a limited region, but when the same accuracy must be insured 
over practically the entire globe, then problems present themselves not readily appreciated. 
Even for land instruments, as has been repeatedly found, the problem is not such a simple 
one. Accordingly, in our work, great stress has been laid on the necessity not to overesti- 
mate the absolute accuracy obtained, but, on the contrary, continually to assume that the 
desired accuracy is not being reached and, hence, that it is of the utmost importance to 
get independent checks in every possible manner. Thus not only has every opport uni ty 
been embraced in port to get shore intercomparisons between all ship instruments and 
land outfits (our own as well as those of local observatories), but there also have been 
devised special testing-appliances at Washington. 

One peculiarity of the various sea dip-circles which have come to our notice has not 
yet been wholly explained, viz, well-nigh invariably the dip-needle corrections are negative 
on good land dip-circles, or on approved earth-inductors. This correction may be as much 
as 5' and more; hence the need of the continual control spoken of in previous paragraphs. 
In these instruments the house in which the needle swings is of brass, whereas in land dip- 
circles it is of wood. Throughout our experience, covering magnetic instruments of every 
type and make, we have not yet found one — be it a magnetometer or a dip circle — that has 
proved wholly satisfactory if the magnet house is of brass. Accordingly, one of our future 
experiments will be to replace the metal house of the sea dip-circle with wood to see whether 
the rather large absolute corrections can thus be avoided. 

The possibility of a better way of mounting the needle than in the present jewels is also 
receiving attention. Furthermore, a marine earth-inductor has been designed and installed 
on the Carnegie to serve as another means of control on the sea dip-circle. (See pp. 196-200.) 

For further information regarding the sea dip-circles and best methods of observing, 
see the Carnegie work, pages 195-196, and the extracts from instructions (pp. 115-127). 

SEA INSTRUMENT FOR HORIZONTAL INTENSITY. 

As described in the previous section, the modifications introduced in the original sea 
dip-circle made it possible to obtain total intensity (F) observations in all magnetic lati- 
tudes, beginning with the second cruise of the Galilee. The inclination or dip (I) being 
observed at the same time with the same instrument, the value of the horizontal intensity 
(H) is obtained by computation with the aid of the formula 

H = F cos I 

In accordance with our adopted principles, it was highly desirable also to obtain H 
directly, in regions of not too low values of H, i. e., in not too high magnetic latitudes, by 
some convenient and independent method. Accordingly in the spring of 1905, L. A. Bauer, 
having in mind this desideratum and the failures experienced in low magnetic latitudes 
with the original sea dip-circles, undertook the devising of a special and simple deflecting 
apparatus, which could readily be attached, if necessary, to the ordinary navigating 
compasses, or form an entirely independent instrument. At that time Bidhngmaier’s 
“double compass” had not been perfected, and even if it had, it would not have answered 
our requirements. The simplest possible contrivance was desired both from an instru- 
mental as well as from a computing standpoint. For one reason or another previous appli- 
ances for measuring the horizontal intensity at sea had not proved entirely satisfactory 
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th f rea f? ns ^ove set forth there was, accordingly, developed a deflecting arrange- 
ment based on the sine-deflection formula, which implies that the deflecting magnet shall 

Thp dJfl Sh r anSleS t0 + the deflected one when the state of equilibrium has been reached. 
TOus deflecting magnet was mounted vertically above the center of suspension of a magnet 

ystem (compass card), instead of in the same horizontal plane with it and off to one side 
f'?*’ ° r as . ls done in most forms of land magnetometers and as was also the 

case in Neumayer s deviations magnetometer,” used on the Gauss. This new instru- 

2 1S f ^“ 6d ^ deflector ” ; m various forms has been used throughout the 
horkontSlntensity Ud ^ Carnegie for deter mming both the magnetic declination and the 

For experimental sea-deflector 1, used on the Galilee’s cruises up to Julv 30 1907 

NT^rt-^ b ¥ 6 °*i the “istrument an 8-inch Ritchie-Negus liquid compass 
(No. 31974), the kind ordinarily employed m navigation. Next a bridge, with a disk on 
top for carrying the deflecting magnet, was attached at right angles to the sight line or sight 
TW° f - t\ kteSt f0rm + °i ^ egus azi muth-circle, provided with the said liquid compfss 

a miflim S eSr b rr«rt°tr ted ° f * para ^ el brass wires bent lnto bows, somewhat over 
^ P u rt ’ tbe . y served to define tbe vertical sight-plane passing between them 
and through a brass pointer, with the aid of which the compass was read or anv noint of 

tl “ y t °° k ^ PkCe ° f ^ WeSC0Pe “ * he tod 

To make a setting with the deflecting magnet mounted on the disk, the azimuth circle 

ruth^d nfT ymg tbe deflector ^ d sight bows, until the brass pomter w^ over^ the 
south end of the compass card. Then, since the magnet, by construction was mounted 

at right angles to the sight line or bows, and as the latter were set directly over or parallel to 
the north-and-south diameter of the compass (assumed for the present to defineVe mag- 
netic axis of the compass card), it followed that, in the position of equilibrium between 
magnet and card, the magnetic axes of the two were at right angles to each other - thus the 
condition of the simple sine-deflection method was secured. ’ 6 

oth lubber-lines, marked on the inside of the compass bowl, were then direetlv read 

£ towTTerfl ,° r 6 T 534 tenth a desree ' ^ so « to 

in this way one of four operations required to complete a set was carried out Let us sav 

of the ma§net T S t0Wards the eaSt ’ and tbe effing 

- P nt ’ • th , d of the bows > was made on the south point of the cornua ss 

nS m b ’ the aZlm y tl \ circle would be tu ™ed so as to make a setting on the north 
point of the compass card, the north end of the magnet then being to the west next 7 

the magnet was turned around on its support, so that north end would be east setting how’ 

° f C ° mP r ; and ^ d ’ aa ™th circle™ takXpototo 
f tb P °* Of compass, north end of magnet being then west. In brief practicallv 

£ r;“ eCtl0n P0SItl0DS “ 1 “ land “*»*»*» could be caSltS 
The difference in the lubber-line readings for operations a and b or c and d or b and r 

f r the de ? eo ^™So‘ ™ T™em 

ending of each ™ reC ° rded ’ b0th at the ^ning 
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The foregoing description will serve to set forth the main features and fundamental 
principles of the new device. With the steady improvements subsequently made, it was 
found capable of yielding a satisfactory degree of accuracy. The liquid of the compass acted 
as an excellent damping device, so that settings could be made with great rapidity and ease, 
about ten minutes sufficing to give an approximate value of H. The form of mounting 
the deflecting magnet so that it partook of the motions of the compass bowl not only tended 
to preserve the requisite constancy in the distance between the centers of the card and 
magnet, but also largely avoided the troublesome effects of the rocking of the deflected 
magnet during the ship’s motions, which occurred in the style of ship ma gnetometer where 
the deflecting magnet was mounted off to one side and not constrained to move with the 
bowl. 

The deflecting magnet for instrument D1 was mounted in a paraffined wooden block, 
to the bottom of which was fastened a disk, with lugs which fitted in holes in the disk on top 
of the bridge or supports, so as to admit of putting block with magnet in an invariable posi- 
tion, direct or reversed. The thermometer was inserted in a hole in this block (see Plate 5, 
Fig. 1). It will be observed that the magnet, when placed inside the block, did not require 
thereafter to be touched during a complete set, the entire block, with magnet inside, being 
reversed. 

The method employed for measuring H at sea is not an absolute one, but depends 
upon a knowledge of the magnetic moment of the deflecting magnet and its variation with 
time; hence various styles of magnets were employed, and also two deflecting distances were 
provided, a separate block for each magnet having been constructed. At first, four magnets 
were used: a hollow, cylindrical magnet, 1 made by Tesdorpf as an auxiliary magnet for one 
of his field magnetometers, this magnet being designated No. 45; next, a long-tube as well 
as a short-tube magnet, each consisting of a bundle of magnetized wires, such as are used 
in liquid compasses; and, finally, intensity needle No. 4, used with the sea dip-circle. The 
latter needle was used because its magnetic moment could be completely controlled by the 
loaded-dip and deflection observations with the sea dip-circle, a combination observation 
of dip circle and deflector thus practically amounting to an absolute method. 

Extensive experiments were made with the four magnets at Washington and at the 
Cheltenham Magnetic Observatory in the spring of 1905; these experiments were repeated 
on Goat Island, San Francisco Bay, in July 1905, after the instrument had been brought 
across the continent. The results were so satisfactory that it was possible to restrict the 
ship observations to magnet45and the long-tube magnet NL. In spiteof the obvious advan- 
tage above noted, it was finally deemed best not to use intensity needle 4, because the dip- 
circle needles should not be handled any more frequently than necessary, in order to safe- 
guard against injury to the exceedingly delicate pivots and the consequent vitiation of a 
whole series of observations. 

At every port corresponding observations were made ashore with the sea deflector and 
a standard land magnetometer, and thus a combined intensity-constant was determined at 
various temperatures, this constant being a function of the magnetic moment of the magnet, 
deflection distance, etc. The experience as to constancy of magnetic moment with magnet 
45 was especially satisfactory. The complete set of observations also called for rotation of 
magnet within its block through 180°; in other words, every means was taken to elimina te 
possible changes. 

One other point requires mention. On board ship, the line of reference— the lubber- 
line- is turning with the ship, so that the deflection-angle deduced from two consecutive 
settings, e. g., a and 6, would require a correction equal to the difference between the ship’s 
headings at the two settings. The possible errors m the deflection-angle, caused by changes 

’This magnet was couiteously supplied by the United States Coast and Geodetic Survey 
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in the ship s heading during observations, were eliminated as follows: If but one observer 
was available, who likewise had to record for himself, directions were given to the helms- 
man to hold a certain course as nearly as possible for an hour to an hour and a half, and to 
call out on when he was on the course. During this period about 8 complete sets could 

b J+- a ^ obser y er > using two magnets, in all positions, embracing 32 inde- 
pendent settings. In general this interval of time proved sufficient to justify treating as 

tW d< S! a the err . orS 11 due 5 shiftin gs of course, and hence of lubber-line, during settings, so 
that the mean of all readings yielded a satisfactory result. Or still better, if a second 

+ S fU Vail f b ^ wasusuaU y tlie ease > who could record for the observer, he placed 
f 1 at the staa dard compass and cafied out when ship was on the course, whereupon 
the observer quickly made his setting, having previously made an approximate settfng. 

reSnJ 0 f^ e effeCt °* the Hqmd m the com P ass > as noted above, a set of four 

eadmgs, from which an approximate value of H could be derived, would be made even 

on board ship under trying conditions of sea, within about 8 or 10 minutes. A method 
more generally employed was to take simultaneous readings of the ship’s head with the 
standard, or other spare compass, close by, and then apply the necessary corrections to the 

th^T h^h “^f gleS - ThuS the a g reeme nt in the individual sets was improved 
hough the final result was practically the same as by the first method. ’ 

A V s se f^ fr ? m tbe abo J e description, the deflecting attachment was so designed that it 
u rea y e mounted on a compass for obtaining the required horizontal-intensity 

rilbJhvT’ ^ readdy dl f mount ® d when ** was desired to make declination observations 
with the same compass, or to use the latter in navigating the vessel. Thus in an instant 

JonldT 6 mStrU ™\ nt u , sed f ? r negation purposes, or for getting the magnetic declination' 
could be converted into a horizontal-intensity instrument, and the design of not multi- 
plying instruments unduly was carried out. g 

on i° n her third eruis , e the Galilee reached Sitka, Alaska, it was possible, 

on J uiy 31, 1907, to replace experimental deflector 1 by a somewhat improved instrument 

. or this new deflector a standard Ritchie azimuth circle, with sig h t, ing bows added* 

.’T-f “S (SeePUnX^n 

standard Ritchie U. S. Navy hquid compass (No. 33566) took the place of the Negus 
compass used m deflector 1 . The mounting and encasing of the deflecting magnet were also 
improved. Values of the horizontal intensity and magnetic declination wfm ; Sn oMained 
° R^h^V^t du ^ mg balance of the Galilee’s work, which closed in May 1908 

nnrt« B w b +u 1 2 were of the ty P e designated A, namely, that in which the sup- 

Lifl 6 deflecting magnet were carried by a framework rotating on the compass bowl 

was introduced wo A^In^thist^e oMe^^or the sup^rts^^h^defleSing 

Sfra 

g ne bowl, Jor the description of this type, see pages 190-194. 

MOUNTING OF MAGNETIC INSTRUMENTS ON THE GALILEE. 

Cruise I, August to December 1905. 

on theTb?erviSSr^ ff ff 0 J S Q the , arran ^ ment and spacing of the instruments as mounted 
n- n r , g b ldge for use during the experimental work from San Francisco to San 
Diego, Cahforma August 2 to 23, 1905. (See also Plate 1, Fig 1 ) The Dosition nf tK 

tSSSSS H-istSSSr 
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gimbals and adjustable weight (see p. 21). The base of this stand is flat and rectan- 
gular; it was fastened to the deck by four f-inch brass bolts, one in each corner of the base. 
Under each corner of the base were soft-rubber cushions, through which the bolts passed; 
these cushions were between 3 and 4 inches square and about 1 $ inches thick and the nuts 
on the under ends of the bolts were set up firmly. A small pocket-compass, used in the initial 
work for approximate orientation purposes, was placed during observations on top of the 
flat base of the stand immediately in front of the upright standard; it was thus nearly 4 
feet from the center of suspension of the dip needles; hence, there was no danger of its 
having a disturbing effect on them. 

Standard Ritchie liquid compass 29971 ( R1A ), used for determining the magnetic dec- 
lination, was mounted on a Ritchie U. S. Navy standard binnacle, made of gun metal, cast 
in one piece, and devoid of all compensating devices. 

As seen in Figure 1, A, R1A was centered on the bridge 
8 feet 4 inches forward of the center of D.C. 169. 

Negus liquid compass 31974 with sea deflector 1 ( D1 ), 
used primarily for determining the horizontal intensity, 
but also for secondary observations of the magnetic 
declination, was mounted on a Negus hollow, cylindrical, 
wooden binnacle, devoid of all compensating devices. 

It was centered on the bridge 8 feet 4 inches forward of 
R1A, and 16 feet 8 inches forward of D.C. 169. 

Kelvin dry compass (K) , used for experimental obser- 
vations of magnetic declination, and later to test method 
of determining horizontal intensity at sea by vibration 
observations, was mounted on a hollow, cylindrical, 
wooden binnacle, devoid of all compensating devices, 
of the type made and sold by T. S. and J. D. Negus. 

As shown in Figure 1, A, the center of K was 8 feet 4 
inches from Dl, 16 feet 8 inches from R1A, and 25 feet 
from D. C. 169. 

The 4 instruments were carefully adjusted and 
alined so that their lubber-lines were in the same fore- 
and-aft plane. This was also invariably done for the 
rearrangements mentioned below. 

Figure 1, Plan B, shows the arrangement and spac- 
ing of the instruments on the observing-bridge for the Fig 1 — PIans of the Observmg-bndge on 
balance of Cruise I, San Diego to Fanning Island and tho G ' hlea 

return, August 24 to December 20, 1905. In order to increase somewhat the distances 
between the 3 chief instruments, D.C. 169, R1A, and Dl, the Kelvin compass (K) was 
temporarily removed and used as the ship’s steering-compass, to replace the inadequate 
one supplied with the vessel by the owners. It was thus possible to increase the distance 
between the centers of any two adjacent instruments to 10 feet 10 inches. 

Cruises II and III, 1906 to 1908. 

Shore experiments at San Diego in August 1905 had shown that the original distance 
apart of 8 feet 4 inches, was sufficient to provide against any mutual disturbing effect 
of the instruments on each other in ordinary work. However, to be fully safeguarded, and 
in order to make readily possible experiments with any one of the instruments while 
observations were under way with the others, the increased distance apart of 10 feet 10 
inches was adhered to throughout Cruises II and III. In order to admit of restoring the 
Kelvin compass (K) on the bridge, the latter was lengthened so as to reach within about 
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8 inches of the foremast. This made possible the arrangement and spacing of the 4 instru- 
ments (sea dip-circle, standard Ritchie liquid compass, sea deflector, and Kelvin compass) 

5?qn\ OT 11 w d 111 • J See Fig ' 1} Plan The inventory of instruments (pp. 

-9 62) Will show what particular instrument of each type was in use during the various 
portions of these cruises. For view of observing-bridge, see Plate 2, Figure 1. 

LAND MAGNETIC INSTRUMENTS. 

• , At P^ckcally every port visited, as already explained on page 15, the ship magnetic 
instruments were compared with a magnetometer and a land dip-circle or an earth inductor. 
Before and after each cruise, or whenever returned to the Office, the land instruments 
carried by the vessel were always standardized at Washington by direct comparisons with 
the standards adopted for the reduction of all results to a common basis; those standards 
jj , C : C - W ‘ Standards” (see p. 77), are the same as given in Volumes I 
(.p. $ 2 ) and II (p._ 16) In order to supplement the direct comparisons and to control anv 
possible changes in the constants, additional checks were secured, whenever opportunity 
offered at ports visited, by comparisons with reserve land instruments carried by the vessel 
or with instruments in use by observers of theDepartment of Terrestrial Magnetism engaged 
m other field work. The specific land and ship instruments will be found mentioned m the 
inventory on pages 28-32. The types of land instruments used are fully described and 

desfribed d fl L V l ) l U T e& + I i PP ' 2_11) (PP ‘ 5_15) ’ the fc yP es of sbi P instruments used are 

described and illustrated on pages 17-26. 

INSTRUMENTAL OUTFIT FOR THE GALILEE WORK. 

CRUISE I, AUGUST TO DECEMBER 1905. 

Magnetic Instruments. 

■ l \F° r . ma 9nehc dechnation at sea.—( 1) Ritchie liquid compass 29971, provided with 

sho^ t ffil C bvE 3 S 7 Rif I v nd ?? binn L°!\? 16 f0r USe on board shi P and tri P° d for use on 
hore all by E S^ Ritchie and Sons ; (2) Negus liquid compass 31974 (manufactured by 

E. b. Ritchie and Sons), provided with a Negus azimuth circle and a wooden binnacle for use 

on board ship (the tripod for 29971 was used for shore work with 31974) • (3) Kelvin drv 

b 050) and SW Pat 5892 >’ provided with exSSd ^ 

p 1 d beann f> Kelvin azimuth instrument 3619, by the Kelvin and 
and J D New ® mpa ^ y ’ m ? unted on board ship in a wooden binnacle supplied by T. S. 

EU Df S K P ' rffiP<,CtiTeIy ' ta the 3 with their 

needles ™ li ™ tion O tota [ inte nsity at sea .— Sea dip-circle 169, with dip 

onboard shffi an3 trTnnT 7 S ? and \ provided with brass g^ b ^tand 169 for use 
to Tn° n ^ Sh0re) aU by A - W - Dover - The Agnation adopted 

Sv u f I 1 - 6 - 9, f ° U ° wed by the num bers of dip needles in Roman type and of mten- 

ffienX Zl^r.7 mi2 > mi ^’ 169 ^ etc ' For ^ ases when ** 

intensity results are from both deflection and loaded-dip observations the designation 

of the intensity needles is followed by a dagger (f), thus 169.^f. resignation 

Department" of° TWr^t ^tensity at sea .- Sea deflector 1, designed and constructed by the 
for the N^l f T + f ia Mag , netlsm > consisting of special attachments and mountings 

SiZtrS on N + egus h > uid c ,r pass 31974 and provided <^1 

ng magnets 45 and NL The designation adopted for the deflector and compass is Dl. 

complete w[thTmnH C /fl C T afe °v ^ } f nzontal density on land .- Magnetometer 36, 

plemented l-ti! VS ^ ap P urtenances , by T. Cooke and Sons, and sup- 
plemented with theodolite 5464 and tripod for astronomical observations on shore all 
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Views of Galilee, Cruises II and III 


1 Observing bridge 

2 Leaving San Diego on Cruise III 

3 Under storm staysails, en route to Callao 

7 Horizontal-intensity 


4 Sextant observations during storm 

5 Declination observations during rough sea 

6 Inclination observations during rough sea 
observations during rough sea 
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loaned by the United States Coast and Geodetic Survey. The designation adopted for the 
magnetometer is 36. 

V. For magnetic inclination on land. — (1) Land dip-circle 171, provided with dip 

needles 1 and 2, intensity needles 3 and 4, and tripod, by A. W. Dover; the designation 
adopted for the dip circle is 171.12. (2) Sea dip-circle 169 was also used for shore observa- 

tions. (3) Sea dip-circle 35 (maker’s number 168) with dip needles 1 and 2 and intensity 
needles 3 and 4, loaned by the United States Coast and Geodetic Survey, was used for 
shore observations and experimental work at San Francisco; the instrument was made 
by A. W. Dover, and was designated as 35.12. 

Sextants, Chronometers, and Watches. 

VI. Sextants — (1) No. 3265 by C. Plath; (2) unnumbered sextant by L. Weule, 
(3) Nos. 2574 and 2578 by Ponthus and Therrode (slightly damaged in shipping). 

VII. Chronometers and watches. — (1) Marine chronometers 264 by A. Kittel, 53157 
by E. Dent and Company, 53862 by E. Dent and Company, with ship and gimbal cases, 
(2) pocket chronometer 244 by A. Kittel for shore use; (3) watch 2 by the Hamilton Watch 
Company, and deck watch 54672 by E. Dent and Company. 

Meteorological Instruments and Miscellaneous Equipment. 

VIII. Meteorological instruments. — (1) Barograph 5142 by Richard Freres; (2) unnum- 
bered aneroid barometer by L. Weule; (3) two Marvin sling psychrometers, Fahrenheit 
scale, 203 and 205, by Schneider Brothers; (4) thermograph 40418 by Richard Freres; 
(5) minimum thermometer 8094 and maximum thermometer 8070, Fahrenheit scale, by 
H. J. Green; (6) 6-inch thermometers, centigrade scale, 4625, 4626, 4630. and 5275, by 
H. J. Green (the last 3 were broken during the cruise). 

IX. Miscellaneous equipment. — (1) Leather chronometer carrying-cases; (2) boat and 
pocket compasses; (3) drawing instruments; (4) cameras; (5) marine glasses; (6) incli- 
nometers, (7) instrument trunk-cases; (8) miscellaneous office equipment, (9) stethoscope 
for use in comparing chronometers, (10) tapes; (11) non-magnetic observing tents of 
regulation land type for shore work; (12) tools, (13) typewriter, (14) small instrumental 
accessories; (15) taffrail log. 

CRUISE II, FEBRUARY TO OCTOBER 1906 1 
Magnetic Instruments. 

X. For magnetic decimation at sea. — (1) Ritchie liquid compass 29971, provided with 
improved azimuth circle 418-III and brass binnacle 316 for use on board ship and tripod 
for use on shore, all by E. S. Ritchie and Sons; (2) reserve equipment, for emergency use, 
consisting of Ritchie liquid compass 29497 provided with azimuth circle 387-III by E. S. 
Ritchie and Sons; (3) Negus liquid compass 31974 (manufactured by E. S. Ritchie and 
Sons) provided with a Negus azimuth circle and a wooden binnacle for use on board ship 
(the tripod for 29971 was used for shore work with 31974); (4) Kelvin dry compass (card 
20, 2 Pat. 8050) and bowl (13, Pat. 5892) provided with extra card 2 (Pat. 15625), extra pivot 
and bearing, 2 and Kelvin azimuth instrument 3619, by the Kelvin and James White Com- 
pany, mounted on board ship in a wooden binnacle by T. S. and J. D. Negus. The desig- 
nations adopted, respectively, for the 4 compasses with their appurtenances are: RIB, 
R2A, Dl, and K 


1 Duim? the accident winch befell the Galilee at Yokohama on August 24 (see p IX), the vessel sunk and water filled 
the cabin on the poit side above the windows All instruments were recovered, but all were under water excepting the 
bridge instruments and the chionometers The resulting damage to instruments was m general not serious and they were 
promptly cleaned and put in good ordei 

2 Rumed by the accident to the Galilee at Yokohama on August 24, 1906 
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TT -x 3 ?: csff m ^ gnetic inclination and total intensity at sea .— Sea dip-circle 35 loaned hv 

C °“S ^ey, dip needles 2 and 5 (5 beingfrom cMe 

S, i ^anT 3168 8 4 ’ 8 of cWe 183 > a “ d 4 “ f 'Me 169, providS S bmt 

gunbal-stand 169 for use on board sMp and tripod 169 for use on shore this dip circle wWh 
its appurtenances was originally made by A W Dover but nrinr +n uL om ' P CU ?' ? W x , 
ft. 1 ^ early u. 1906 it £as itensivel/modMedZ taprS t tetaSenfsht 

for apScMsie: S?(5W elf® Th^ d f 8nat “ m ad °P ted 

refer to needles not belonging toli^i^ircfeSsfand the itelicizeXnum^^^CT tmintensrtv 
needles, for cases when both deflection and loaded-dip observations were made the desi/ 
nation for the intensity needle is followed by a dagger (f), thus, 35 . 2 ( 5 ) 5 ( 4 )f. ’ S " 

nfl+in^frJ F T j!' orizo !^ al ]; n ^ ns ' lt y at sea.— Sea deflector 1 same as for Cruise I The desk 
nation adopted for the deflector and compass is the same as before, viz, D 1 

needles 1 and 2, intensity needles 3 and 4 and trmod all hv A w n’ provlded dl P 
May 1906; (2) land dip-circle 178, provMrf^th TteSta 1 2 5 %S7\7* > “f 
pans 3 and 4 and 7 and 8 , compass attachment, and Wpod by 1 W D™ er used Tteof?ont 
178 reSwth 1 he defflgnations adopted, respectively, for the two dip circles are 171 ll and 

station only; the designation adopted for ft ^rde is ^6 34 VvZT** “f °?s 
wrth compass attachment was also used for shore observafcnf 'f.i i IT™ ? 35 
were made with needle 1 , which was retained tp ThTSf? ( feW sho f e observations 
Galilee sailed). (5) Sea dip-circle 169 with ,u the , 0ffice for re P airs J ust before the 

with the specifications of the Department olxetSS Ma^eS " aCC ° rdanCe 


Sextants, Chronometers, and Watches. 

C. Pkth; ©‘SSmb’ied sextelt “1 wlute P0I1 ‘ taS “ d ThCrr ° de; (2) N °' 3266 ** 

by r D v s r im 

Meteorological Instruments and Miscellaneous Equipment. 

XVII. Meteorological instruments. — Same as for Cruise I with th** orlrUt;™ t • • 
mum thermometer, Fahrenheit scale, 4948 by H. J. Green ’ ° n ° f 

AV11I. Miscellaneous equipment.— Same as for Cruise I. 

this latteifneedle wM^-^p^ced'by'iieedkr-iM^efl^on AumrtM T 'mo6 ePla H 8< ^ ne ®dl e 8 of 163, because of erratic results 
bon, during the remainder of the cruise UgUSt 23 ’ 19 ° 8 ’ and used w,th »«De 3 of 35 for the intensity obervf 

agnetometer 36 was slightly damaged by the accident to the Gahlee on August 24, 1906 
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CRUISE III, DECEMBER 1906 TO MAY 1908 
Magnetic Instruments. 

XIX. For magnetic declination at sea. — (1) Ritchie liquid compass 29499, provided 
with improved azimuth circle 481-III and brass binnacle 319 for use on board ship and 
tripod for use on shore, all by E.S. Ritchie and Sons; (2) Negus liquid compass 31974 (man- 
ufactured by E. S. Ritchie and Sons), provided with a Negus azimuth circle and a wooden 
binnacle for use on board ship, used until August 2, 1907; (3) Ritchie liquid compass 335(50 
with improved azimuth circle 483-III, all by E. S. Ritchie and Sons, replacing compass 
31974 on August 2, 1907, provided with brass gimbal-stand 2, by A. W. Dover, for use cm 
board ship, and with tripod 2, by the Department of Terrestrial Magnetism, for use on shore ; 
(4) Kelvin dry compass bowl (13, Pat. 5892) with cards 8127 and 13845, provided with 
Kelvin azimuth instrument 3619 by the Kelvin and James White Company, mounted on 
board ship in a wooden binnacle by T. S. and J. D. Negus. The designations adopted, 
respectively, for the 4 compasses with appurtenances are: R3C, Dl, 1)2, and K. Ritchie 
liquid compasses 29971 and 29497 with azimuth circles 387-III and 418-III and binnacle 
316, all by E. S. Ritchie and Sons, were also carried for possible use in emergency; 29971 
was used as the steering compass for the vessel. 

XX. For magnetic inclination and total intensity at sea. — (1) Sea dip-circle 35, loaned 
by the United States Coast and Geodetic Survey, with dip needles 1 and 2, intensity needles 
3 and 4, and intensity needles 7 and 8 from circle 163 for reserve use, provided with brass 
gimbal-stand 169 for use on board ship and tripod 169 for use on shore, until August 2, 
1907, all by A. W. Dover, with modifications as described under the list of instruments 
for Cruise II (see item XI); (2) sea dip-circle 169, provided with dip needles 1, 2, 5, and (5 
and intensity needles 7 and 8, and accessories, and mounted on brass gimbal-stand 1(59 
when in use on board ship and on tripod 169 for use on shore, all originally by A. W. Dover 
and extensively modified and improved by the maker upon the return from Cruise I, in 
accordance with the specifications of the Department of Terrestrial Magnetism (see 
pp. 21-23); (3) sea dip-circle 189, from August 4, 1907, provided with dip needles 5, 6, 9, 
and 10, and intensity needle pairs 3 and 4, and 7 and 8, and accessories, and mounted on 
brass gimbal-stand 169 when in use on board ship, and on one of the land tripods when used 
on shore, all by A. W. Dover, in accordance with improvements in design and construction 
specified by the Department of Terrestrial Magnetism (see pp. 21-23). The designations 
adopted, respectively, for the 3 dip circles are: 35,1234, 169.1273, 189.9,10,73 (see pp. 
28, 30). For cases when both deflection and loaded-dip observations were made, the desig- 
nation for the intensity needles is followed by a dagger (f), thus, 169.1273f. 

XXI. For horizontal intensity at sea.— (1) Sea deflector 1, until August, 2, 1907, same 
as for Cruises I and II; (2) sea deflector 2, from August 2, 1907, consisting of special 
attachments and mountings for the Ritchie azimuth circle 483-III used on Ritchie liquid 
compass 33566, and provided with deflecting magnets 45, NL, and 2L. The designations 
adopted, respectively, for the 2 deflectors and compasses are Dl, and D2. 

XXII. For magnetic declination and horizontal intensity on land. — (1) Theodolite mag- 
netometer 1 provided with tripod 1, to August 2, 1907, by Fauth and Company, extensively 
modified and altered by the Department of Terrestrial Magnetism; (2) magnetometer 4 1 
provided with tripod 4, by the Bausch and Lomb Optical Company, according to specifi- 
cations of Department of Terrestrial Magnetism. The designations adopted, respectively 
for the 2 magnetometers are 1 and 4. (3) Theodolite 3578 with tripod, by C. L. Berger and 
oons and loaned by W. J. Peters, was used for auxiliary observations at shore stations. 

XXIII. For magnetic inclination on land. — (1) Land dip-circle 178, provided with din 
needles 1, 2, 5, and 6, and inte nsity-needle pairs 3 and 4, and 7 and 8, compass attachment 

1The long deflection-bar was lost at Christchurch in January 1908 _ ~ ~ ““ 
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and tripod 178, all by A W. Dover, (2) land dip-circle 171 from March 9 to Mav 24 1907 
provided with dip neeches 1 and 2, 5 of circle 172, and 6 of circle 172, inteX-needle pak 
3 and 4, compass attachment, and tripod, all by A. W. Dover The designations a donterl 
respectively, for the 2 dip-circles are 178.1256 and 171.12 (the 

dip needles were not used) , (3) sea dip-circles 35, 169, and 189, with their needles and com 
pass attachments, were used also for shore observations. 


Atmospheric-Electric Instruments. 

19n7 XX ( f ^° T obsermhons m atmospheric electricity beginning August A 
1907. ~{l) Conductivity apparatus 1, complete with accessories, Gerdien’s design bv 

f and Hoyer; (2) dispersion apparatus 1394, Elster and Geitel’s design by Gunther 

Z°X S ^f’ s <“<?' byGunthe. and 

qq 7 P Tr e 4 * 0, , and acce . ssor ies, (4) potential-gradient apparatus consisting of electroscone 

-f ter and ^ iteFs d ^> accessories^°by 
anr] r!LT a d / - g t y , 1 f 5) y dloactlvlt y apparatus 1432 for soil and water Elster 
Geitel s design, complete with electroscope 1416, and accessories by Gunther and 

U4Q ?nT r ’ (6) rad - ac i- ity apparatus for air, including electroscope 1437 d^-Se 
1449, and accessories by Gunther and Tegetmeyer (7) voltmeter 4381 P r 

c^n S Mtb EleC H nCaI Instru . ment Company; (8) miscellaneous equipment, including induction 
coil with condenser, insulators, tripod, brass gimbal stand 2, etc induction 

Sextants, Chronometers, Watches, and Dip-of-Horizon Measurer. 

107 6 JanIlol!^ 

b 53 y 3'H^ S ^ 

53157 by E. Dent and Company, 53862 bv E Dent an 3 „ + t, u, ‘ , , s ; 

S cl 7 0n r±? 231 by A - Klttel from 9 to May A 

Kittel from September 6, 1907, 244 by A Kittel w a + y 1 ’ 

V 11 • Dip-of -horizon measurer . — Din measurer 4048 m/admi a u n in* 1 
March 11, 1907. p measurer 4U48 > m odel A, by Carl Zeiss, from 


Meteorological Instruments and Miscellaneous Equipment 

® l sI “S psychrometer, centigrade scale, theniomeirs sS knd 8 Yg9 bv H t’ 

(4) ’r2rae™of^ab-f™ Juif d° Au * UBt T 2 ’ TJ' 

thermograph 46032 by Richard Fresres on Aoeost 31^1907 IT* rcpIaoed by 
cenbgrade scale, 4823, 8828, 8835, 8837, 8840 rSl by H. J &een thermometers, 

the a) 1 ‘ZST'* 1 and ’ 11 ' ^ ^ addition of 

Keuffel andEsser ComDanv- f3fswZ™ ^ ei f le; (2 l t ^ ee ‘ arm protractor 10031, by the 
non-magnetic wall tents, 9 feet by 9 feet Therrode; (4) s P ecial 
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GENERAL PROPERTY AND SUPPLIES. 

Besides the instrumental equipment listed on pages 28-32, the general property and 
supplies aboard the Galilee, 1905-1908, were about as follows. 

I. Navigation charts, maps, and atlases of various kinds. 

II Library of books on astronomy, navigation, mathematics, magnetism (general and terres- 
trial), general physics, atmospheric electricity, general chemistry, meteorology, geogra- 
phy, geology, biology, sailing ships (sails and sail-making, etc.), encyclopedias, diction- 
aries, and general literature. 

III. Medical books and supplies. 

IV. Miscellaneous appurtenances. 

SPECIMENS OF OBSERVATIONS AND OF COMPUTATIONS. 

Reference has already been made, page 16, to the various forms devised for recording 
and computing the observations made aboard the Galilee. The specimens given in this sec- 
tion will serve to show the utility of these forms, and at the same time help to make clear 
the methods of observation and of computation. The specimens are confined to ship work. 
Those illustrating land work will be found m Volume I, pages 30-41. 

MAGNETIC OBSERVATIONS DURING SWING OF VESSEL. 

First are given specimens of magnetic observations obtained during one of the 
Galilee’s last swings at San Francisco, May 25, 1908. The swing was made with the aid of 
the tug Liberty, which came alongside about 4 h 30 m a. m. and towed the Galilee to the north 
of Goat Island, in about 10 to 27 feet of water, practically in the same place where the swings 
were made when the vessel set out on her work in August 1905. The position was verified 
from time to time by sextant angles to prominent objects. The swing was on 8 equidistant 
headings, both helms, first port and then starboard, the tug towing ahead with about 60 
fathoms of line out Conditions of sea and weather were good throughout. 

A swing (both helms) had been made two days previously (May 23) and another 
was made on May 28. On May 23 the tug did not come alongside the vessel until 7 a. m., 
so that by the time the swings were made the trigonometric conditions were not favorable 
for observations of the magnetic declination. Also it was discovered that sea dip-circle 
189 had been out of level during the first half of the swing on that day Accordingly, a 
third swing was made on May 28, the tug coming alongside at sunrise. The specimen 
inclination observations (p. 44) are taken from the swing of May 28, 1908. The swing on 
May 25 began with port helm, heading west, and was, accordingly, made in the order: 
W , NW , N , NE, E, SE, S, SW . The vessel was next swung with starboard helm as follows • 
E, NE, N, NW, W, SW, S, SE. 

Declination Observations, San Francisco Bay, May 25, 1908. 

Page 34 contains the magnetic-declination observations (Form 21) made aboard the 
Galilee in San Francisco Bay on May 25, 1908, a. m., during the first half of the port-helm 
swing, using the standard Ritchie compass R3C (see p. 31) and employing first the prism 
method and, next, the alidade method. 

The details are sufficiently clear from the headings and adjacent designations to 
require no further explanation It will be seen that on each heading there were 5 settings 
made on the Sun, using the prism, next 5 settings, using the alidade; the average time for 
5 settings was about 25 seconds, the 10 settings requiring about 1 minute. Whether 
the prism or alidade was used first depended somewhat upon the brightness of Sun. 

On page 35 is found a specimen “Computation of Ocean Declination Observations” 
(Form 22). Before entering on Form 22, the data from Form 21, instrumental corrections, 
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dependent on card-graduation errors and Sun’s altitude, are applied to the mean settings, 
both for prism and alidade, as explained on page 62. Thus for heading west, the m ean 
observed ^setting by prism is N 50!26 E; the value after applying the instrumental correc- 
tion (+0?33) is N 50°59 E. Similarly, the mean observed setting by alidade is N 50°68 E • 
the corrected setting is N 50? 79 E. Accordingly, the mean corrected setting for pr ism and 
alidade is, N 50?69 E, which is finally the quantity entered on Form 22, opposite the mean 
local apparent time: } (2 h 12 m 14!6 + 2 h 12 m 48 8 0) +3 h 16 m 20 8 = 5 h 28 m 51 s . In this way 
are filled out the columns: “Local Apparent Time,” and “Sun by Compass.” 


Magnetic Observations on Swing: Declination ( D ) 

(Form 21) 


Station San Francisco Bay 
Date May 25, 1908, A M 
Compass • Ritchie 29499 (R3C) 
Weather b 
Sea S 


Lai: 37° 51' N 
Vessel Galilee 
06s V- W. J. P. 
Wind: 0 
Roll ■ 0° 


Long ■ 122° 23' W 
Com’d’r • W. J P. 
Rec’d’r: D C. S. 
Temp: 13° C. 
Helm: Port 


Ship’s 

Head 

Prism Method 

Alidade Method 

Remarks 

Time by 
Chron 241 

Sun by 

St Comp 

Time by 
Chron 241 

Sun by 

St Comp 

W 

Means 

h m s 

2 12 05 

11 

15 

18 

24 

o 

N 50 3 E 

50 2 

50 3 

50 2 

50.3 

h m s 

2 12 36 

44 

49 

53 

58 

o 

N51 0E 

50 5 

50 5 

50 6 

50 8 

Magnetic articles removed * Yes 

Ship swung by* Tug 

2 12 14 6 

N 50 26 E 

2 12 48 0 

N 50 68 E 

NW 

Means 

2 20 43 

59 

21 06 

17 

21 

N 51 5E 

52 0 

52 0 

51.7 

51 7 

2 21 32 

37 

43 

47 

51 

N 51 8 E 

52 0 

52 2 

52 2 

52 2 

2 21 05 2 

N 51 78 E 

2 21 42 0 

N 52 08 E 

CHEON OMBTEB COMPABISONS 

N 

Means 

2 27 46 

50 

54 

57 

28 00 

N 52 7E 

52 8 

52 8 

52.9 

52 9 

2 28 14 

22 

40 

46 

50 

N 53 2 E 

53 0 

53 4 

53 3 

53 2 


Before 

After 

Chron. D53157 
Corr’nonG.M T 
GMT. 

E. 

G A. T. 

Long 

L A. T 

Chron 241 

241 on L A. T 
Mean 

h m s 
13 23 30 
- 17 21 

13 06 09 
+ 03 18 

13 09 27 

8 09 32 

4 59 55 

1 43 35 

h ms 

16 18 20 
- 17 21 

16 00 59 
+ 03 18 

16 04 17 

8 09 32 

7 54 45 

4 38 26 

2 27 53 4 

N 52 82 E 

2 28 34 4 

N 53 22 E 

NE 

Means 

2 38 57 

39 03 

04 

18 

24 

N 54 0E 

54 2 

54 6 

54 6 

54 5 

2 37 18 

38 10 

15 

33 

45 

N 54 8E 

54 3 

54 2 

54 5 

54 3 

2 39 09 2 

N 54 38 E 

2 38 12 2 

N 54 42 E 

+ 3 16 20 
+ 3 16 20 

+ 3 16 19 


Knowing the latitude of the place of observation and the local apparent time, the 
entries m the next column, “Sun’s Azimuth,” are computed with the aid of a conveniently 

arranged ^stract from published azimuth tables, e. g., those of the United States Hydro- 
graphic Office. 

The observed magnetic declination, entered in the fifth column, is obtained by sub- 
tracting the Sun s magnetic azimuth (“Sun by Compass”) from the true or computed azi- 
muth. lhe + sign means that the magnetic declination is east of north. The values in 
this column are affected by the ship’s magnetism, the correction of which varies from head- 
ing to heading. The mean value of the 8 equidistant headings, + 17?96, is free from the 
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variable part of the error due to ship’s magnetism, but still contains the constant A d (see 
p. 78) . The value of A d is determined by comparison of the mean ship value with the mean 
value resulting from the surrounding shore observations, both referred to the same time on 
May 25, 1908. Thus the ship value referred to mean of day is + 17?90; the value from the 
surrounding shore observations, referred to mean of day, is + 17?88; hence, the value of 
A d is -j-0?02. 

The variable part of the deviation-correction is obtained from Form 23 (Analysis of 
Declination Deviations, p. 36), First the observed deviations, without A a , are derived on 
Form 22, sixth column, by subtracting the mean value D m of the observed magnetic 
declination D from the individual values of D. These quantities are then analyzed by 
means of Form 23, presently explained. Next the computed deviations, derived on Form 
23, are entered on Form 22 and applied together with A a , reversing signs, to the observed 
D’s (fifth column). Thus finally the entries in last column, “Corrected magnetic declina- 
tion,” are obtained. 


Computation of Ocean Declination Observations (Swing) 


Station San Francisco Bay- 
Date; May 25, 1908, A M 
Compass. Ritchie 29499 (R3C) 
Method * Prism and Alidade 
Sea' S Weather : b 


(Form 22) 

Lat 37° 51' N 
Vessel. Galilee 
OhsW W.J.F. 
Wind * 0 
Roll- 0° 


Long: 122° 23' W 
Com’d’r: W. J P. 
CompW. D C. S. 
Reviser * J P A 
Helm: Port 


Ship’s 

Head 

Local 

Apparent 

Time 

Sun by 
Compass 

Sun’s 

Azimuth 

Obs’d 

Mag. 

Decl’n 

Deviation 
(without A a ) 

Corr’d 

Mag 

Decl’n 

Obs’d 

Comp’d 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

Means 

h m s 

5 44 34 

5 55 00 

5 59 10 

6 25 38 

6 32 05 

j 6 38 38 

5 28 51 

5 37 44 

o 

N 53 24 E 

54 62 

55 30 

59 00 

59 44 

60 14 

50 69 

52 16 

0 

N 70 98 E 

72 46 

73 06 

76 76 

77 66 

78 58 

68 73 

70 02 

o 

4-17 74 
4-17 84 
4-17 76 
4-17 76 
+18 22 
+ 18 44 
+18 04 
+17 86 

o 

-0 22 
-0 12 
-0 20 
-0 20 
+0 26 
+0 48 
+0 08 
-0 10 

o 

-0 20 
-0 15 
-0 21 
-0 11 
+0 24 
+0 43 
+0 17 
-0 17 

o 

+17 92 
+17 97 
+17 95 
+17 85 
+17 96 
+17 99 
+17 85 
+18 01 


N 55 57 E 

N 73 53 E 

+ 17 96 

0 00 

0 00 

1 

+17 94 


Magnetic declination for mean of day fiom ship observations +17?90 
Magnetic decimation for mean of day from shore observations 4-17 88 
Hence, value of A a 4-0.02 


It will be seen that while the observed magnetic declinations varied from -fl7?74 to 
+ 18?44, hence through a range of 0?70_, the corrected ones exhibit a range of but 0?16 or 10'. 
The headings and adjacent designations, together with the explanation made and the 
formulae at the bottom of the form, will make clear the various steps followed on Form 23 
(Analysis of Declination Deviations). The observed deviations without A„ for port helm 
are taken from specimen Form 22, the starboard-helm results being derived from a similar 
computation sheet. Next are given the mean results for both helms. Proceeding now to 
the lower half (II) of the page, the deviation-coefficients B a = -0!19, C a = — 0?22, D„ = 
+0?14, and E s = +0?02, are derived, as indicated in the scheme of computation. Know- 
ing these coefficients, the computed values of deviation without A„ are obtained in the 
upper right-hand portion (III) of the form. Finally, the residuals v (observed — computed 
deviation) are entered, and the values of v~, from which the probable error of a deviation 
without A d on a single heading is derived by the formula at the bottom of the form; it is 
found to be±0?03 or ±2’. 
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Analysis of Declination Deviations 

(Form 23) 


Station San Francisco Bay 
Date * May 25, 1908, A M 
Compass Ritchie 29499 (R3C) 
Method Prism and Alidade 
Sea' S Weather b 


Lat 37°51'N 
Vessel Galilee 
Obs'r- W J P 
Wind 0 
Roll. 0° 


Long 122° 23' W 
Com’d’r W J P 
Comp’r J P A 
Reviser H W F 
Helm: Both 


Ship’s 

Head 

I Observed Deviation 1 

III Computation of Deviation 1 and of Probable Error 

Port 

Starb 

Mean 

B d sm f 

C d cos f 

D d sm 2 £■ 

E d cos 2 f 

Comp’d 

Dev’n 1 

V 

(p-o 

v 2 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

Sums 

o 

- 22 
- 12 
- 20 
- 20 
4 26 
4 48 
+ 08 
- 10 

o 

- 26 

- 14 

- 22 

- 09 
+ 22 
+ 42 
+ 15 

- 11 

0 

- 24 

- 13 

- 21 

- 14 
+ 24 
+ 45 
4 12 

- 10 

0 

00 

- 13 

- 19 

- 13 
00 

4- 13 
4- 19 
+ 13 

0 

- 22 
- 16 
00 

+ 16 
+ 22 
+ 16 
00 

- 16 

0 

00 

4 14 

00 

- 14 

00 

4- 14 

00 

- 14 

0 

4 02 

00 

- 02 

00 

4 02 

00 

- 02 

00 

0 

- 20 

- 15 

- 21 
- 11 
4 24 
4 43 
4- 17 
- 17 

o 

- 04 
4 02 

00 

- 03 
00 

4- 02 

- 05 
4 07 

0016 

04 

00 

09 

00 

04 

25 

49 

- 02 

- 03 

- 01 

00 

00 

00 

00 

00 

- 01 

0107 


II Computation of Deviation-Coefficients 


No 

a) 

Head 

(2) 

Dev’n 1 

(3) 

Head 

(4) 

Dev’n 1 

(5) 

(2) + (4) 

(6) 

(2) -(4) 

Comp’n B d 

Comp’n C d 

(7) 

(6) X (7) 

(8) 

(6) X (8) 

a 

b 

c 

d 

N 

NE 

E 

SE 

O 

- 24 

- 13 

- 21 
- 14 

S 

sw 

w 

NW 

o 

+ 24 
+ 45 
+ 12 
-.10 

O 

00 

4- 32 

- 09 

- 24 

O 

- 48 

- 58 

- 33 

- 04 

0 000 

0 707 

1 000 

0 707 

00 

- 41 

- 33 

- 03 

1 000 

0 707 

0 000 
- 707 

o 

- 48 

- 41 
00 

4 03 

Operation 

(9) 

From 

(5) 

Comp’n D d 

Comp’n E d 

4 B d 

At 

- 77 

- 19 


- 86 
- 22 

(10) 

(9)x(10) 

(id 

(9)x(ll) 

4:D„ 

At 

4- 56 
4“ 14 

4 E d 

4 09 
4* 02 

0 T3 

1 i 

03 

o 

+ 09 
+ 56 

0 000 

1 000 

O 

00 
4- 56 

1 000 

0 000 

O 

4- 09 

00 

FORMULAE 

Deviation - A d = Deviation 1 = B„ sm f + C a coa f + D d sin 2 {• + E„ coa 2 f 

Probable error of Deviation 1 of single heading, r = =t 0 6745 1 

\n-4 

In case of 8 headings n= 8, hence r = =*= 0 337 V 2i> 2 ~ ± qoq^ 


Without A d 


Horizontal-Intensity Observations, San Francisco Bay, May 25, 1908. 

• p&ge 37, gives, a specimen set of horizontal-intensity observations made 

with sea deflector 2 (D2), during the swing in San Francisco Bay, May 25, 1908. On the 
port-helm swing, deflecting magnet 45, short deflecting-distance, was used, whereas on the 
starboard-helm swing, deflecting magnet 2L, short deflecting-distance, was used. To show 
the method, it will suffice to give the observations made on the first half of the port-helm 
swing, headings W, NW, N, NE. The headings of the columns and the adjacent desig- 
nations will, m general, give the requisite explanations. ° 

The first column contains the magnetic course or ship’s heading, as shown by the stand- 
ard compass. In the second and third columns are entered, respectively, the time and 





Compasses and Azimuth Devices, 1905-1908 

1 Ritchie standard compass 3 Ritchie compass mounted in binnacle 

2 Ritchie azimuth circle 4 Ritchie compass mounted for shore observations 

5 Kelvin compass and azimuth mirror 
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temperature at the beginning and at the end of the set of readings on that heading. The 
following 5 columns give number of magnet, deflecting distance used, which letter, A or B, 
on case containing deflecting magnet is turned towards observer (0), whether prism is south 
or north, and finally whether north end of magnet is east or west. Then follows the column 


Magnetic Observations on Swing: Horizontal Intensity (H) 

(Form 24) 


Station: San Francisco Bay 
Date : May 25, 1908, A M 
Instrument Sea Defi’r 2 (D2) 
Weather' b 
Sea S 


Lat. 37° 51' N 
Vessel' Galilee 
Obs’r. DCS 
Wind 0 
Roll • 0° 


Long: 122° 23' W 
Com’d’r: W J P 
Rec'd’r: W J P. 
Temp. 13° C 
Helm' Port 


Course by 
St Comp 

Time by 

Temp 

Mag- 

Dis- 

Let- 

Prism 

N End 

Lubber- 

Means 

Course by 

241 

C 

net 

tance 

ters 

Magnet 

Line Reads 

2 u 

Defl.C 


h 

m 

0 






o 

o 

0 

W 

2 

13 

14 7 

45 

S 

BO 

S 

E 

N 70 1 W 
S 70 2E 

109 85 

• - 



17 

13 7 




N 

W 

S 69 8W 
N 70 0 E 

69 90 

S 89 88 W 

Means 

2 

15 

14 2 






2 u 

39 95 


NW 

2 

22 

12 6 

45 

S 

BO 

S 

W 

N65 3W 
S 65 0 E 

65 15 

• 



25 





N 

E 

N 25 6 W 





12 5 




♦ 


S 25 3 E 

25 45 

N 45 30 W 

Means 

2 

24 

12 6 






2 u 

' 39 70 


N 

2 

29 

12 2 

45 

s 

BO 

S 

E 

N 19 4E 

S 19 5 W 

19 45 




32* 

12 1 




N 

W 

N 20 I W 
S 19 8E 

19 95 

N 0 25 W 

Means 

2 

30 

12 2 






2 u 

39 40 

. 

NE 

2 

34 

12 7 

45 

s 

BO 

S 

W 

N 24 5 E 
S25 Off 

24 75 
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N 

E 

N 64 2 E 





12 6 






S 64 5 W 

64 35 

N 44 55 E 

Means 

2 

35 

12 6 






2 u 

39 60 



Remarks 


Magnetic articles removed . Yes 
Swung by Tug 



h 

m 

s 

Chronometer D53157 

13 

23 

30 

Correction on G M.T 


17 

21 

GMT 

13 

06 

09 

Longitude 

8 

09 

32 

L M T 

4 

56 

37 

Chronometer 241 

1 

43 

35 

Chron 241 on L M T. 

+ 3 

13 

02 


Lubber-line reads/* which gives the two readings of the forward and aft lubber-lines on the 
deflected compass-card, for each of two positions (for example, heading west: prism south, 
north end of magnet east ; prism north, north end of magnet west) . The means of the two 
opposite readings, for each position of prism and magnet, are formed next, counting con- 
tinuously from south (0°) through west to north. The difference of the two means, e.g., 
heading west, 109?85-69?90 = 39?95 is twice the deflection angle, hence, 2u. The mean 
value of the two means, e. g., heading west, S 89?88 W, is entered in the last column, and 
gives the ship's heading or course by the deflector compass. 

The procedure is similar for each heading, the positions of prism and north end of 
deflecting magnet being readily followed by the letters in the respective colu mn s. 

Form 25, page 38, contains first an abstract of the results derived from the preceding 
form (No. 24). The values of the single deflection-angle, u, expressed m degrees and hun- 
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dredths arc entered for each heading, and the value of the horizontal intensity, H computed 
ki ? Tu WC/Sm U - Tbe values of log sin « may be conveniently looked up 

^ g r eU t0 degr ? S ^ bundredtbs > such as 7 Bremiker’s 
ftT . vL«d- -‘■ue values of log mC t , correspondmg to the observed mean temperature 

Z S£ h Tte g Ael\ d Z:1f H ? the , se f i0 \^ instrumental^onstants 

vf ) ne mean value oi H from the 8 equidistant headings is 0 9^90 n n c* +i^ 

“‘J'St* d f from the surrounding shore observation, for Se s^ue ta 
0.2524, hence, the value of A„ in the deviation formula (p. 39) is —0.0004. ’ 


Station. San Francisco Bay 
Date: May 25, 1908, A. M 
Instrument Sea Defl’r 2 (D2) 
TVeaiAer: b Temp. 13° C 

Sea. S 


Computation of Horizontal-Intensity Observations (Swing) 

(Form 25) 


(Form 25) 

Lat. 37° 51' N 
Vessel: Galilee 
Obs’r D. C S 
Wind. 0 


Long: 122° 23' W 
Com’d’r W J P. 
CompW: DCS 
Reviser' W. J. P. 


Ship’s 

Head 

L.M T 

t « 
Temp 
C. 

Mag- 

net 

Dis- 

tance 

Let- 

ters 

Deflec- 

tion 

Angle 

Log 
sm u 

Log 

mC 

Log 

H 

Obs’d 

H 

tielm: Port 

Deviation 
(without A h ) 

Corr’d 

H 







u 



Obs’d 

Comp’d 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

Means 

h m 

5 43 

5 48 

5 59 

6 25 

6 31 

6 38 

5 28 

5 37 

12 2 
12 6 
12 0 
12 8 

14 2 

15 4 
14 2 
12 6 

45 

S 

BO 

0 

19 70 
80 
92 
85 
78 
85 
98 
85 

9 5278 
299 
324 
309 
294 
309 
336 
309 

8 9324 

323 

324 

322 
320 
317 
320 

323 

9 4046 
4024 
4000 

4013 
4026 
4008 
3984 

4014 

c g s 
2539 

2526 
2512 

2519 

2527 
2517 
2503 

2520 

c g s 
+ 0019 
+ 6 

8 

1 

+ 7 

3 

- 17 

0 

c g s 
+ 0012 

2 

9 

+ 6 

+ 12 

6 

- 15 

+ 2 

c g 8 
2531 
32 
25 
17 
19 
27 
22 
22 

6 01 

13 2 

* 







2520 

.0000 

0000 

2524 

Formula: H = 

Horizontal intensity from ship observations 
Horizontal intensity from shore observations 
Hence, value of A h 

mC/ sin u * 

c g s 

0 2520 

0 2524 
-0 0004 





deviafcn7Sou7 ^TenSi e dSr SI? observed 

23a (Analysis of Horizontal-Intensity Deviations rSof^ 3X6 then anal ^ zed ° n . Form 
that followed in the analysis of declination rim * +• ^ ^ i, n a manner precisely similar to 

is the fourth de^TTs • ™».'****4™ tteform 

B*= + 0.0000; c h = 4-0.0003- D delation-coefficients in c. g. s. units are: 

computed deviations (without A) are obtained*™ 0,000 f With the aid of these the 
and also entered on Form 25. * ^ er ri §ht-hand portion of the form, 

The computed deviations with A * are annlied in nv,.™ ok , . 
observed values of H, and thus the final or coreected ^aWif H T eTSed ’ t0 the 

applied, are derived. It will be seen that while the u - f H> T tb deviation corrections 

from 0.2503 to 0.2539, hence show a ranee of 0 003fi 7h ^ °J obs , ei 7 ed values of H vary 
exhibit a range of but 0.0015. This ranee mieht h ’ y 6 Und ^ ated or correc ted values 
analysis of horizontal-intensity deviations been^dJ 6 been ^ further reduced had the 
of for the two magnets (45 and 2L) together The mirnn^vf 67 - f ° r €ach magnet ’ mstead 
method of observation and of compu tation T W 18 merely to iUustrat ^ the 

especially when the time consumed in thn n Kc Se f. esu t f must be regarded as satisfactory, 
for a single value of ™ andXoutl^ tnr “ C01 f dered ’ 2 to 4 minutS 
these results were obtained under ideal conditions T Va i U ?i u 14 1S to be noted that 
vations made under severer conditions. ter we sba11 bave examples of obser- 
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Analysis of Horizontal-Intensity Deviations 


Station: San Francisco Bay 
Date May 25, 1908, A. M 
Instrument * Sea Defl’r 2 (D2) 
Magnets: 45 and 2L 
Sea. S Weather' b 


(Form 23a) 

Lat • 37° 51' N 
Vessel Galilee 
Obs’r: DCS. 

Wind: 0 Temp' 14° C 
Roll 0° 


Long ' 122° 23' W 
Com’dW' W. J P. 
CompW . D C. S 
Reviser . J P,A 
Helm . Both 


Ship’s 

I Observed Deviation 1 

III Computation of Deviation 1 and of Probable Error 

Head 

Port, 
Mag 45 

Starb , 
Mag.2L 

Mean 

C h sm r 

B h cosf 

E h sin 2 £ 

D h cos 2 1 

Comp’d 

Dev’n 1 

(.O-C) 

V 2 

N 

+19 

+ 4 

+12 

0 

0 

0 

+12 

+12 

0 

0 

NE 

+ 6 

- 9 

- 2 

+2 

0 

-4 

0 

- 2 

0 

0 

E 

- 8 

- 7 

- 8 

+3 

0 

0 

-12 

- 9 

+1 

1 

SE 

- 1 

+14 

+ 6 

+2 

0 

+4 

0 

+ 6 

0 

0 

S 

+ 7 

+14 

+10 

0 

0 

0 

+12 

+12 

-2 

4 

sw 

- 3 

- 2 

- 2 

-2 

0 

-4 

0 

- 6 

+4 

16 

w 

-17 

-19 

-18 

-3 

0 

0 

-12 

-15 

-3 

9 

NW 

0 

+ 8 

+ 4 

-2 

0 

+4 

0 

+ 2 

+2 

4 

Sums 

+ 3 

+ 3 

+ 2 
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II Computation of Deviation-Coefficients 


No. 

a) 

Head 

(2) 

Dev’n 1 

(3) 

Head 

(4) 

Dev’n 1 

(5) 

(2)+(4) 

(6) 

(2) -(4) 

Comp’n C h 

Comp’n B h 

(7) 

(6) X (7) 

(8) 

(6) X (8) 

a 

N 

+12 

s 

+10 

+22 

+ 2 

0 000 

0 

1 000 

+ 2 

b 

NE 

- 2 

sw 

- 2 

- 4 

0 

0 707 

0 

0 707 

0 

c 

E 

- 8 

w 

-18 

-26 

+10 

1 000 

+10 

0 000 

0 

d 

SE 

+ 6 

NW 

+ 4 

+10 

+ 2 

0 707 

+ 1 

- 707 

- 1 



(9) 

Comp’n E h 

Comp’n Dh 

4 C„ 

+11 

4 B n 

+ 1 

Operation 

From 





Ch 

+ 3 


0 



(5) 

(10) 

(9)x(10) 

(id 

(9)x(ll) 





a — 

c 

+48 

0 000 

0 

1 000 

+48 

4 

-14 

4 D h 

+48 

b- 

d 

-14 

1 000 

-14 

0 000 

0 

En 

- 4 

D h 

+12 


FORMULAE 

Deviation — A h - Deviation 1 - C n sm + B h cos f + E h sm 2 f + D h cos 2 f 
Probable error of Deviation 1 of single headmg, r = =*= 0 

In case of 8 headings n ~ 8, hence r = ± 0 337 -y/Zv 2 — =■= 2 



Without A h and expressed m units of the fourth decimal cos. 


Total-Intensity Obseevations, San Feancisco Bay, May 25, 1908. 

Form 12a, page 40, gives specimen total-intensity observations with sea dip-circle 189 
by the deflection method, made on headings N and NE during the port-helm swing in San 
Francisco Bay, May 25, 1908. The intensity needles used were Nos. 3 and 4. The form 
is doubtless self-explanatory, the method of observation being, in general, the same as for 
land work. (See Volume I, pp. 17, 18, 24, 29, 30, 39.) Here, however, the readings on 
the ends of the suspended needle are recorded not to minutes of arc, but to the nearest half 
or quarter degree. It will be observed that 4 readings are made on each end of the 
suspended needle, for each position of circle and needle. All operations are carried out on 
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each heading, the 32 readings taking, on the average, 3 to 5 minutes. The t im e and tem- 
perature are recorded, in the lower part of the form, at the beginning and ending of the 
observations on each heading. 


Magnetic Observations on Swing: Total Intensity (F) 

(Form 12a) 

Station' San Francisco Bay Chronometer H W. ObsW PHD 

Date* May 25, 1908, A. M Needle No 3 suspended, No 4 deflecting Rec’dW' G P 

Dip Circle: No 189 Distance * Long 


End of suspended needle marked A north Ship's Head. N 


Circle East 

Circle West 

Needle Face East 

Needle Face West 

Micro Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

0 

217 0 

18 5 

16 0 

20 5 

0 

37 0 

39 0 

37 5 

38 5 

0 

265 0 

68 5 

65 0 

68 0 

0 

85 5 

88 0 

85 0 

87 5 

0 

272 0 

74 0 

72 0 

75 0 

o 

92 5 

94 0 

92 5 

93 5 

0 

320 5 

23 0 

20 0 

22 5 

0 

141 0 

42 5 

41 0 

42 0 

218 0 

38 0 

266 6 

86 5 

273 3 

93 1 

321 5 

141 6 

o 

38 00 
+62 28 

0 

86 55 

24 28 

Mean I ■ + 62 

0 

86 80 

24 18 

“45 Ul 24°23 

o 

38 45 
+62 62 

End of suspended needle marked A north Ship's Head NE 

Circle East 

Circle West 

Needle I 

ace East 

Needle Face West 

Micro 

Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o 

217 5 

20 0 

18 0 

20 0 

0 

37 5 

39 5 

37 5 

40 0 

o 

266 5 

67 5 

66 0 

68 5 

o 

86 5 

88 0 

86 0 

88 0 

0 

271 5 

74 0 

71 5 

74 0 

0 

92 0 

94 0 

92 0 

94 0 

o 

320 5 

21 5 

20 0 

22 0 

0 

141 0 

42 0 

39 0 

42 5 

218 9 

38 6 

267 1 

87 1 

272 8 

93 0 

321 0 

141 1 

O 

38 75 
+62 93 

O 

87 10 

24 18 

Mean /. + 62 b 

O 

87 10 

24 08 

98 wi- 24° 13 

c 

38 

+63 

95 

03 

Ship’s Head 

N 

NE 

Remarks 

Chron time and temp , beginmng 
Chron time and temp , ending 

Mean chron time and mean temp 
Chron corr. on L M T 

Local mean time 

Mag'c mer for circle east reads 

h m 
1 49 
1 53 

c 

12°5 
13 0 

h m 

1 56 

1 59 

C 

13°6 
13 3 

Helm 

Weather 

Sea 

Wind 

Roll 

Poit 

b 

S 

0 

0° 

1 51 
+3 53 

12 8 

1 58 
+3 53 

13 4 

15' 

5 44 
179 

° 15' 

5 51 
134° 
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Form 11a, below, reproduces specimen total-intensity observations with sea dip-circle 
189 by the loaded-dip method, made on the headings NE and N, during the starboard- helm 
swing in San Francisco Bay on May 25, 1908. It will be noted that the loaded needle 
No. 4 was used, with weight 11, which was inserted in the south end of the needle. As in 
the case of Form 12a, the headings of columns will suffice to explain the method of obser- 
vation, the needle readings again being recorded to the nearest half or quarter degree, or 
occasionally to nearest tenth degree. 


Magnetic Observations on Swing: Total Intensity (F) 

(Form llfl) 

Station' San Francisco Bay Chronometer H. W Ohs V P. H. D 

Date. —May 25, 1908, A. M Needle * No 4 loaded, weight 11 Rec’dW' G P 

Dip Circle No 189 


End of needle marked A north down Ship’s Head NE 


Circle East 


Needle Face East 


S 


223 0 
24 5 

23 5 

24 5 


223 9 


N 


43 5 

44 5 
43 5 

45 0 


44 1 


Circle West 


Needle Face West 


S 


316 0 
17.0 
16 0 
17 5 


316 6 


N 


136 0 

37 0 
35 5 

38 0 


136 6 


Circle West 


Needle Face East 


316 0 
17 5 
16 0 
17.5 


316 8 


N 


136 0 
7 0 
6 0 
7 0 


136 5 


+44°00 I +43°40 I +43°35 

+43*70 1 ^ +43?58 

Mean/'; -f43°64 


Circle East 


Needle Face West 


N 


222 5 
25 0 

23 0 

24 5 


223 8 


43 0 
44.5 

43 0 

44 5 


43 8 


+43°80 


End of needle marked A north down Ship’s Head* N. 


Circle East 


Needle Face West 


223 0 
24 5 

23 0 

24 0 


223 6 


N 


43 5 

44 0 

43 0 

44 5 


43 8 


+43°70 


+43 


Circle West 


Needle Face East 


S 


317 0 
18 0 
16 0 
17 0 


317 0 


N 


136 0 
38 0 
35 5 
38 0 


136 9 


’38 


Circle West 


Needle Face West 


316 0 

17 0 
16 5 

18 0 


316 9 


N 


135 0 

37 5 
35 0 

38 0 


136 4 


Circle East 


Needle Face East 


S 


223 0 
24 5 
22 5 
24 5 


223 6 


N 


43 0 

44 5 
43 0 

45 0 


43 9 


+43 05 | +43°35 | +43°75 

+43?55 

Mean/'.- +43°47 


Ship’s Head 

NE 

N 

Remarks 

Chron time and temp , beginning 
Chron time and temp , endmg 

h m 

3 01 
04 

C 

16°5 
15 7 

h m 

3 08 
14 

C 

15°0 
17 0 

Helm 

Weather 

Stb’d 

b 

S 

0 

0° 

Mean chron time and mean temp 
Chron corr on L M T 

3 02 
+3 53 

16 1 

3 11 
+3 53 

16 0 

oea 

Wind 

Roll 

Local mean time 

Mag’c mer for circle east reads 

6 55 
134° 

15' 

7 04 
179° 

15' 
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Form 25a, below, shows specimen computations of horizontal intensity (H) from the 
total-intensity observations, made with sea dip-circle 189 during the swing at San Francisco 
on May 25, 1908. The upper half, marked I, gives the computation of H, based on the 


Computation of Horizontal Intensity from Total-Intensity Observations, San Francisco, May 25, 1908 

(Form 25a) 


I. From deflection observations on port-helm swing 

Formula: H = C d cos I esc u x 

Heading 

N 


E 

SE 

s 

sw 

W 

NW 

Mean 

L M.T 
Temp (C) 
u x 

I (corr’d) 

Log esc u x 
Log cos I 
Log C d 

Log H 

Obs’d H 
Obs’d Dev 
Comp’d Dev 
Corr’d H 

5 h 44 m 
12°8 
24?23 
62 37 

5 h 51“ 
13 °4 
24? 13 
62 90 

5 h 58“ 
13°6 
23°86 
63 03 

6 h 25“ 
14°0 
23?97 
62 73 

6 h 32 m 
14°8 
24!06 
61 92 

6 h 38“ 
16?6 
23? 92 
61 75 

5 h 30 m 
12?3 
23?89 
61 72 

5 h 37“ 
12°2 
24° 12 
61 95 

6 h 02 m 

13 °7 

0 2500 

0 2524 

0 3868 

9 6663 

9 3405 

0 3885 

9 6585 

9 3404 

0 3931 

9 6566 

9 3404 

0 3912 

9 6610 

9 3403 

0 3897 

9 6728 

9 3402 

0 3920 

9 6752 

9 3398 

0 3926 

9 6756 

9 3406 

0 3886 

9 6723 

9 3406 

9 3936 

9 3874 

9 3901 

9 3925 

9 4027 

9 4070 

9 4088 

9 4015 

0 2475 

- 0025 

- 0028 
0 2527 

0 2440 
- 0060 
- 0057 

0 2521 

0 2455 

- 0045 

- 0052 

0 2531 

0 2469 

- 0031 

- 0023 

0 2516 

0 2527 
+ 0027 
+ 0020 

0 2531 

0 2553 
-f 0053 
+ 0057 

0 2520 

0 2563 
+ 0063 
+ 0060 

0 2527 

0 2521 
+ 0021 
+ 0023 

0 2522 

Horizontal Intensity from ship observations 0 2500 

Horizontal Intensity from shore observations 0 2524 

Hence, value of A\ m 0024 

II From loaded-dip observations on starboard-helm swine 

Formula. 11 = C, cos / cos I' esc u 

Headmg 

N 

NE 

E 

SE 

s 

SW 

w 

NW 

Mean 

L M.T 
Temp (C) 

I (corr’d) 

/' 

u = /-/' 

Log cos 1 

Log cos V 
Log esc u 
Log C; 

Log H 

Obs’d H 

Obs’d Dev 
Comp’d Dev 
Corr’d H 

7 h 04“ 
16°0 
62°37 
43 47 
18 90 

6 h 55“ 
16°1 
62° 90 
43 64 
19 26 

Qh 44 m 

17°2 
63°03 
43 45 
19 58 

7 h 43“ 
16°5 
62°73 
43 02 
19 71 

7 h 35“ 
16°2 
61°92 
42 72 
19 20 

7 h 28“ 
17?1 
61°75 
42 88 
18 87 

7 h 20“ 
18 °4 
61°72 
43 02 
18 70 

7 h 13 m 

17 °8 
61°95 
43 39 

18 56 

7 h 15 m 
16°9 

0 2514 

0 2524 

9 6663 

9 8608 

0 4896 

9 3846 

9 6585 

9 8596 

0 4817 

9 3846 

9 6566 

9 8609 

0 4748 

9 3848 

9 6610 

9 8640 

0 4720 

9 3847 

9 6728 

9 8661 

0 4830 

9 3846 

9 6752 

9 8650 

0 4902 

9 3848 

9 6756 

9 8640 

0 4940 

9 3850 

9 6723 

9 8614 

0 4971 

9 3849 

9 4013 

9 3844 

9 3771 

9 3817 

9 4065 

9 4152 

9 4186 

9 4157 

0 2519 
+ 0005 
+ 0011 

0 2518 

0 2423 

- 0091 

- 0090 

0 2523 

0 2383 

- 0131 

- 0142 

0 2535 

0 2408 
- 0106 
- 0088 

0 2506 

0 2550 
+ 0036 
+ 0021 

0 2539 

0 2601 

4* 0087 
+ 0096 

0 2515 

0 2622 
+ 0108 
- 1 - 0110 

0 2522 

0 2604 
+ 0090 
+ 0082 

0 2532 

— i 

Horizontal Intensity from ship observations 0 2514 

Horizontal Intensity from shore observations 0 2524 

Hence, value of A" h , t __ 0 



Fomina t^ 0n ?nl:f h S ? e T en fJ 0r headingS (N ’ NE ) are presented by 
. a ’ P age 40> In the formula, I is the mchnation resulting from deflection obser- 

hSy wf ( i6adin |QT ith ^ 1 correct T s to standard applied, which, for all 
eacungs, amount to -0.08 (see p. 69). For example, turning to Form 12a, the mean I 
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heading N, is +62!45; applying the correction -0°08, gives for I corrected, +62°37 
The values of I, corrected in this manner, are entered on the form. The deflection angle u 
is taken directly from Form 12a, as well as the local mean time and temperature, for each 
heading of the vessel. The value of the constant C a is derived from the table of instru- 
mental constants, and is referred to the date and temperature of the observation-set 
(see p. 70). With these explanations, the computation of H will be readily followed. 
Since the angular quantities are expressed in degrees and hundredths, a book of logarithms 
such as the one mentioned on page 38 will be found convenient. 

Having derived the observed values of H from the deflection-observations, the mean 
value (0.2500) is taken, and the observed deviations (without A',) are found; these devia- 
tions are then analyzed as shown by Form 23 a, page39. The analysis gave for the deviation- 

C \ G ' \ units: = -0-0024; C\= -0.0056; D' h = -0.0004; and 

a - 0.0000. With the aid of these the computed deviations (without A’ h ) are obtained- 
the probable error of the deviation of a single heading is ±0.0005. The mean observed 
value of H is 0.2500; since the corresponding value, at the time, as derived from shore 
observations was 0.2524, the value of A'„ = -0.0024. Applying the computed deviations 
t+ -n u’ reversed signs, to the observed values of H, the corrected values are found. 
It will be seen that whereas the observed values varied from 0.2440 to 0.2563, hence showed 

yrf„°L 0 ; 0123 ’ the corrected values var y from 0.2516 to 0.2531, and exhibit’ a range 
oi but 0.0015. & 


The lower half of Form 25a, the portion marked II, shows the computation of hori- 
zontal intensity, based on the loaded-dip observations made on the starboard-helm swing 
Specimens of these observations for two headings are given on Form 11a, page 41. In the 
formula, I is the corrected observed inclination, as above explained; I' is the observed 
inclination with loaded needle 4; u is the angle I -I'. The computation will be readily 
followed. The mean observed H is 0.2514. The observed deviations are next analyzed 
th n AAn U J tin J// ValueS ° f the deviation -coefflcients, expressed in c. g. s. units, being : B ", = 
-0.0005; C" h = —0.0126; D\= +0.0016; E'\= +0.0003. The probable error of an 
observed deviation is ±0.0010, which is somewhat high. The value of A" h is -0.0010. 
Applying the computed deviations and A’\, with reversed signs, the corrected values of 
H axe obtained, which are seen to exhibit a range of 0.0033, or more than twice that found 
m the preceding paragraph. The superiority of the deflection observations over the loaded- 
dip observations m sea work is thus shown. 


Inclination Observations, San Francisco Bay, May 28, 1908. 

On page 44, Form 10a, are specimen inclination-observations with sea dip-circle 189 
needle No. 5, A end down These observations are on the two headings N and NE port 
helm of the swing in San Francisco Bay, May 28, 1908. As the main object of the swing 
was to determine the deviations, the polarity of the needle was not reversed, but a corre- 
sponding correction was applied to determine the final value of the inclination. The com- 
plete headings of this form, 10a, and its similarity to the total-intensity forms already 
described., make further explanations unnecessary. y 

1 0 Pa ?nf S ^? xt to * he inclination values derived from the deflection observations (Form 
Wlth s ®J dlp " circle 189 > on May 25,1908, deviations (without A.) are entered on 
lorm 236, page 45, and analyzed as already explained for the other magnetic elements. 
Ihe quantities m the second column are derived by applying to the first-derived values 
(see specimen observations, Form 12a, p. 40) the correction (-0?08) on account of reduc- 
tion to standard (see p. 69). The mean observed inclination ( I m ) is 4-62 ?30. The dIus sitm 
signifies that the north-seeking end of the needle points below the horizon. Subtracting 
I m from the individual values of I, the observed deviations (without A ,) are obtained. 
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Analyzing these by means of Form 23a on page 39, the following deviation-coefficients are 
derived: B t =+0°18; C t =+0°67; D t =- 0?11; F,= -0°01. The probable error of 
the deviation of a single heading is =±=0?05 or ±3'. 


Magnetic Observations on Swing: Inclination (/) 

(Form 10a) 

Station: San Francisco Bay Chron . H. W Obs’r* PHD 

Date: May 28, 1908, A. M. Needle No • 5 Rec’d’r: G. P. 

Dip Circle: 189 


End of needle marked A north Micro A on A Ship's Head N. 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

242 0 

42 5 

41 5 

43 0 

62 0 

62 8 

62 0 

62 7 

297 0 

98 8 

96 5 

98 5 

117 0 

18 0 

17 0 

18 2 

296 8 

99 5 

96 5 

98 0 

116 2 

17 7 

16 2 

18 3 

241 5 

42 0 

41 2 

42 5 

61 5 

62 8 

61 5 

62 2 

242 3 
4-6 

62 4 
2°35 

+6 

297 7 
4-6 

2°35 

117 6 
2°35 

Mean 

297 7 
+6 

+62?30 

117 1 
2?60 

4-6 

241 8 
4-61 

2?25 

62 0 
-?90 

End of needle marked A north Micro A on A Ship's Head NE 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face West 

Needle Face East 

Needle Face West 

Needle Face East 

S 

N 

S 

N 

) 

S 

N 

S 

N 

242 0 

42 7 

41 8 

43 0 

62 0 

62 5 

62 0 

62 8 

297 2 

98 0 

97 0 

98 0 

116 
17 
17 ( 
17 

296 5 

98 0 

96 8 

98 7 

117 0 

18 2 

17 2 

18 3 

242 0 

43 0 

41 8 

42 5 

62 2 

63 3 

62 5 

62 2 

242 4 
+6 

62 3 
2?35 

4-6 

297 6 
4-6 

2°45 

117 3 
2?55 

Mean - 

297 5 
4-6 

+62?44 

117 7 
2?40 

+6 

242 3 
+65 

2°42 

62 6 
!°45 

Ship's Head 

N 

NE 

Remarks 

Chron time of beginning 

Chron time of ending 

Mean chronometer time 

Chron correction on L M T 

Local mean time 

Mag mer for circle east reads 

h m 

5 15 

19 

h m 

5 21 

24 

Helm 

Weather 

Sea 

Wind 

Roll 

Port 

b 

S 

0 

0° 

5 17 
4-3 42 

5 22 

4-3 42 

8 59 
179° 15' 

9 04 
134° 15' 


The mean value of the inclination from the ship observations is +62?30, the corre- 
sponding value at the same time from the shore being +62? 10; hence + = +0?20. 
Applying the computed deviations and +, with signs reversed, to the observed inclinations, 
the. corrected values in the fifth and tenth columns result. The observed inclinations 
varied from 61?72 to 63?03, hence through a range of 1?31, whereas the corrected values 
show a range of but 0?16, or 10'. 
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The inclination observations made with the regular dip-needle are treated in a similar 
manner. Specimens of these observations for May 28 are given in Form 10a, page 44. It 
will be noticed that the observations were made with sea dip-circle 189, using regular dip- 
needle No. 5, polarity of needle not being reversed. The available time did not permit 
reversal of polarity on each heading, as might otherwise have been desirable, since in 
frequent handling of the needle there was risk of injury to its pivots, thereby vitiating the 
observations of the entire swing. 


Determination of Inclination Deviations, San Francisco Bay, May 25, 1908 

(Form 236) 


Ship’s 

Head 

Obs’d 

Incl’n 

Deviation 
without Ai 

Corr’d 

Incl’n 

Ship’s 

Head 

Obs’d 

Inol’n 

Deviation 
without A i 

Oorr’d 

Inol’n 

Obs’d 

Comp’d 

Obs’d 

Comp’d 

N 

NE 

E 

SE 

+62 37 
+62 90 
+63 03 
+62 73 

+0° 07 
+0 60 
+0 73 
+0 43 

+0° 07 
+0 59 
+0 78 
+0 36 

+62 10 
+62 11 
+62 05 
+62 17 

S 

sw 

w 

NW 

+61 92 
+61.75 
+61 72 
+61 95 

-0.38 
-0 55 
-0 58 
-0 35 

—0.29 
-0 61 
-0 56 
-0 34 

+02 01 
+02.10 
+62 OH 
+ 02 09 

Magnetic Inclination from ship observations +62 30 
Magnetic Inclination from shore observations. . +62 10 
Hence, value of A f . , + 0 20 




The necessary correction on account of non-reversal of polarity was determined from 
the shore observations at San Francisco. This correction, together with reduction to 
standard, amounted to -0°03. Applying this, the mean observed inclination (I m ), 
on May 28, both helms, was +62°33 and the resulting value of A„ — (— 0 ?23 . 

Summary of Results of Swings, San Francisco Bay, May 23, 25, and 28, 1908. 

The table below summarizes the results of the determinations of the various deviation- 
coefficients from the swings of the Galilee in San Francisco Bay, May 23, 25, and 28 1908 

Rs fmlnws* f j j * f 


I Declination deviation-coefficients^ for position on observing bridge occupied bv 
-r> ®* an ^ ar< 3 compass, expressed in decimals of a degree 1 * * IV *' 

H. Dechnation deviation-coefficients for position on observing bridge occupied by sea 
deflector, expressed m decimals of a degree. 1 y 1 

III. Inclination deviation-coefficients for position on observing bridge occupied by sea dip- 
circle, expressed in decimals of a degree J y HBa H11> 

IV and T J a Homontal-intensity deviation-coefficients for position on observing bridge 

V Hnr;S P i e - d + by v a dl P~ cl J cle ’ expressed m units of the fourth decimal c. o.V K ' 
V Horizontal-intensity deviation-coefficients for position on observing bridge occupied 

by sea deflector, expressed in units of the fourth decimal c a. s g occupied 

together w ^ h the remar ks, will enable the reader readily to 

h l V ti 10US entnes - For ex P lana tion of the various symbols used 
see pages 31 32. The probable errors tabulated are those of the observed deviation on a 
single heading, as computed by the formula given in the lower part of Forms 23 and ‘2’\a 
p^es 36 and 39. They win serve as a relative measure of the accumeyof 

ji;“ “fP^tion ° f the figures shows that, m general, the results of the closing swings 
were highly satisfactory. In some respects even superior results have been obtained from 
swings at other places (See, e. g., results at San Diego, February 26-March 1 190fi 
given m Tables 25 and 26, pages 82-83.) y iarcn 1 > 1906 > 
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Table 1 Summary of Deviation-Coefficients of the Galilee, San Francisco Bay, May 28, 26, and 28, 1908 


No. 

Date 

Coefficients and Probable Errors 

Instrument 

Head- 

ings 

Obs’r 

Bridge 

Position 

Remarks 


1908 

Aa 

B d 

Ci 

Af 

B d 

P E 







May 23 

+ 0°01 

— 0 ° 1 S 

— 0°18 

+ 0°05 

- o°oe 

d = 0°04 

R3C 

8p 8s 

WJP 

[Stand 
j Comp 



25 

28 

0 oc 
-0 01 

-0 10 
-0 14 

-0 22 
-0 15 

+0 14 
+0 15 

+0 02 
+0 06 

±0 03 
±0 02 

R3C 

R3C 

8p 8s 
8p 8s 

WJP 

WJP 

j comp by prism and all- 
l dade, both helms 

I 

Mean 

0 oc 

-0 17 

-0 18 

+0 11 

+0 01 

±0 03 






II 

May 28 

+0 04 

+0 19 

-0 08 

+0 15 

-0 03 

±0 04 

D2 

8p 0s 

DCS 

Defl'r 

Sun obs’d with defl’r 













comp by prism and ali- 
dade, port helm 



Ai 

Bi 

C t 

D , 

B , 

P E 







May 23 

+ 0°19 

+ 0?43 

+ 0°64 

— 0°08 

+ 0°01 

± 0°02 

169 1 A , 78 

8p 8s 

DCS 


Reg dip on port helm, 













needle 1 , defl’d dip, 


25 

+0 20 

+0 18 

4-0 67 

-0 11 

-0 01 

±0 05 

-' t - 

eo 

05 

CO 

8p 0s 

PHD 

Dip 

long dist , on starb helm 
Defl’d dip, long distance, 


28 

+0 23 

+0 08 

-0 10 

-0 14 

-0 02 

±0 04 

i 

05 

CO 

r-4 

8p 8s 

PHD 

Circle 

on port helm 

Reg dip on port helm, 













needle 5, defl’d dip, 
long dist ,on starb helm 

III 

Mean 

+0 21 

+0 23 

+0 40 

-0 11 

-0 01 

=*=0 04 









B \ 

C'n 

D'h 

B\ 

P E. 







May 23 

- 4 

-38 

-60 

+15 

- 1 

± 6 

169 78 

Op 8s 

DCS 


D. C 169 defl’ns, long 


25 

—24 

-24 

-56 

- 4 

0 

± 5 

189 84 

8p 0s 

PHD 

Dip 

dist , starb helm 

D C 189 defl’ns, long 


28 

-21 

- 1 

+15 

+13 

+ 3 

± 5 

189 84 

Op 8s 

PHD 

Circle 

diet , port helm 

D C 189 defl’ns, long 

Hlflf fliorK Vi cl m 

IV 

Mean 

-16 

-21 

-34 

+ 8 

+ 1 

± 5 





uiot y Dtaru Hgini 




B" h 

C'\ 


E"„ 

P E 






IVa 

May 25 

-10 

- 6 

-126 

+16 

+ 3 

±10 

189 4 

Op 8s 

PHD 

Dip 

D C 189 loaded dips, 












Circle 

starb helm 




#A 


r>* 

Eh 

P.E 







May 23 

25 

- 7 

- 4 

+11 

+16 

+ 1 

± 3 

D2 45, 2L 

8p 8s 

PHD ’ 


Defl’r obs’ns, short dist , 
mag 2L, port helm, 
mag 45, starb helm 
Defl’r obs’ns, short dist, 





- 6 

0 

+ 3 

+12 

- 4 

± 2 

D2 45, 2L 

8p 8s 

DCS 

-Defl'r 


28 

+ 2 








mag. 45, port helm, 
mag 2L, starb helm 




- 2 

+10 

+ 9 

+ 2 

± 4 

D2 45, 2L 

8p 8s 

DCS 


Defl’r obs’ns, short dist , 










mag 2L, port helm, 

V 

Mean 

- 4 

- 2 

+ 8 

+12 

0 

± 3 





mag 45, starb helm 


MAGNETIC OBSERVATIONS MADE ON COURSE. 

The following observations will serve as specimens of a typical day’s work at sea. To 
show what is possible under not the very best conditions, the day selected is April 14, 1908, 
on the passage of the Galilee from Callao, Peru, to San Francisco. On this day the observ- 

W - e J e , as *° Uows: ro11 of vessel for a. m. declination observations, 10° to 20°, 
hence 30 from side to side; roll of vessel for p. m. declination observations, 5° to 15°, hence 

r ° U °i VeS \ e1 ’ ?" ring observations of magnetic inclination and intensity, 

^Sd SF anrft 6 ^ ; we f ther ’ h (c , le ?r> blue sky, clouds); sea, M (moderate sea, or swell), 
wind, SE and having a force of 3-4 (Beaufort scale) ; temperature, 26° C 

.pec£Zo? e theS2t?ow nd ° bsen ' ations were made “ ^ch 



pi a n 4 



— r 


2 Sea dip-circle mounted on gimbal stand. 


Modified sea dip-nrcle, Cruises II ami HI, 


1 Sea dip-circle, Cruise I, 1905 
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Declination Observations, April 14 , 1908 . 

I Magnetic Observations on Course: Decimation ( D ) 

ct. , . , ^ (Form 21) 

Compass Ritchie 29499 (R3C) Obs’r W J P MV P Vn SE..,?®,™ o . 


Temp. 26° C 
Roll 10° to 20° 



IL Magnetic Observations on Course: Declination ( D ) 

K.° Apt* 14^1908, A M vfsseT Galilee W 8 m°To Weather bo 

Compass Ritchie 33566 (D2) Obs’r PHD &fw W r J p P 


Temp. 26° C 
Roll 10° to 20° 



Couise by 
St Comp 


WSW 
(Set 1) 


Means 


WSW 
(Set 2) 


Time by 
Chron 241 


h 

1 


m s 

19 16 
40 
50 
58 

20 05 
10 
17 
22 
33 
43 


Sun by 
St Comp 


1 20 05 


Means 


1 25 08 
13 
22 
26 
31 
38 
43 
48 
54 
58 


N 71 8 E 
72 0 
72 0 

71 5 

72 0 
72 0 
72 0 
71 5 

71 8 

72 0 


N 71 86 E 


Time by 
Chron 241 


h 

1 


m s 
21 33 
38 
44 
55 

22 00 
10 
16 
22 
32 
23 00 


Sun by 
St Comp 


1 25 34 


N 72 2 
73 2 
71 0 
71 2 

71 6 

72 0 
72 0 
71 5 
71 7 
71 6 


E 


1 22 07 


N 71 80 E 


1 23 28 
33 

39 
48 
56 

24 08 
19 
29 

40 
47 


1 24 05 


N 70 5 
70 0 
72 0 

69 7 

70 0 

70 8 

71 0 
71 0 
71 0 
71 0 


E 


N 70 70 E 


N710E 
69 8 
71 2 

71 0 

72 0 
72 5 
72 0 
72 0 
71 8 
71 7 


Remarks 


Magnetic articles removed: Yes 
Sunrise; altitude from 3° to 5° 


CHRONOMETER COMPARISONS 


N 71 50 E 


Chron 53157 
Corr'n on G M T 
GMT 
E 

GAT 
Long 
L A T 
Chron 241 

241 on L. A T. 
Mean 


Before After 


h m s 
12 54 00 
~ 15 30 
12 38 30 
- 0 20 
12 38 
34 


10 
00 
04 10 
07 41 


h m s 
13 20 30 

- 15 30 
13 05 00 

- 0 20 
13 04 40 

6 34 00 
6 30 40 
1 34 11 


4-4 56 29 
+4 56 29 


+4 56 29 
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Declination Observations, April 14, im~Conhnued 
III. Magnetic Observations on Course: Declination ( D ) 


(Form 21) 



Time by 
Citron 241 


Sun by 
St Comp 


wsw 

(Set 1) 


Means 


Time by 
Chron 241 


55 

56 


57 


Sun by 
St Comp 


Magnetic articles removed Yes 
Approx Alt Sun’s centei, by sextant 

For set! ( “e)| 

For set 2 12° 2 1304 

Rigging interferes 

CHRONOMETER COMPARISONS 


wsw 

(Set 2) 


11 53 07 N 87 34 W 11 55 49 1T&7 37 W 


N 88 2 W 
88 0 
88 0 
88 2 
88 6 
88 6 
88 7 
87 5 

87 5 

88 0 


12 09 


10 


Means 


11 


12 


12 13 08 N 88 13 W 


Chron 53157 
Corr’nonG M T 
GMT 
E 

GAT 
Long 
L A T 
Chron 241 

241 on 
L A T 
Mean 


Station: At Sea 
Date: Apr. 14, 1908, P M 
Compass Ritchie 33566 (D 2) 


IV. Magnetic Observations on Course: Decimation (D) 

(Form 21) v ' 


Before 

After 

h ms 
22 56 00 

- 15 30 
22 40 30 

- 0 13 
22 40 17 

6 39 40 
16 00 37 
11 09 44 

h m s 

0 41 30 

- 15 30 

0 26 00 

- 0 13 

0 25 47 

6 39 40 

17 46 07 

12 55 14 

+4 50 53 
+4 50 53 

+4 50 53 


Lat 5° 41' S 
Vessel Galilee 


(Form 21) 

Long 99° 55' W 
Com’d’r W J p 


Course by 

St Comp 

Prism Method 

~ v w j aec a r W J P 

Ahdade Method 

Time by 
Chron 241 

Sun by 

St Comp 

Time by 
Chron 241 

Sun by 

St Comp 

WSW 
(Set 1) 

Means 

h m s 
11 57 56 

58 04 
12 
20 
27 
32 
39 

59 00 
01 
06 

o 

N 86 3 W 

86 5 

87 0 

87 2 

87 0 

86 8 

86 8 

87 2 

87 0 

86 5 

h m s 

11 59 57 

12 00 06 

16 

24 

33 

43 

48 

12 01 00 
06 
15 
29 

0 

N 87 3 W 

87 5 

87.3 

87 3 

87 6 

86 8 

87 7 

87 8 

87 8 

87 2 

87 5 

11 58 32 

N 86 83 W 

12 00 42 

N 87 44 W 

WSW ~~ 
(Set 2) 

Means 

12 07 40 
46 
51 

08 04 
17 
21 
30 
39 
46 
53 

N 87 5 W 
88 0 

87 0 

87 0 

87 2 

87 3 

87 5 

87 0 

87 5 

86 8 

12 05 22 
32 
44 
54 

06 13 
23 
31 
44 
51 

59 

N 88 7 W ( 

87 5 ( 

88 0 ( 

87 3 I 

87 5 ( 

87 5 I 

88 5 I 

88 0 ( 

88 0 

87 8 2 

12 08 17 

N 87 28 W 

12 06 13 

N 87 88 W 


Weather b 
Sea M 
Wmd SE, 3-4 


Temp 26° C 
Roll 5° to 15° 


Remarks 


Magnetic articles removed Yes 
Approx Alt Sun’s center, by sextant 

For set 1 ™e) 

For set 2 £ 4 H° 6 


CHRONOMETER COMPARISONS 


• A T 
ong 
A T 


Before 

After 

h m, s 

22 56 00 

- 15 30 
22 40 30 

- 0 13 

22 40 17 

6 39 40 
16 00 37 
11 09 44 

h m, s 

0 41 30 

- 15 30 

0 26 00 

- 0 13 

0 25 47 

6 39 40 

17 46 07 

12 55 14 

+4 50 53 
+4 50 53 

+4 50 53 
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Hobizontal-Intensity Obseeyations, Apeil 14, 1908. 

V. Magnetic Observations on Course: Horizontal Intensity ( H ) 
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Station. At Sea 

Date * Apr 14, 1908, P. M 

Instrument Sea DefTr 2 (D2) 

Weather be 

Sea' M 


(Form 24) 

Lat: 5° 41' S 
Vessel * Galilee 
ObsW D C.S. 
Wind SE, 4 
Roll 10° to 20° 


Long 99° 55' W 
Com’dW W jp 
Rec’d’r W. J. P 
Temp 26° C 


Course bj 
St Comp 

Time b 
241 

y Temj 
C 

} Magne 

t Dis- 
tance 

Letteis 

Prism 

N Enc 
Magnei 

L Lubber- 

b Line reads 

Means 
2 u 

Course 1 by 
Dell Comp 

W 

(Set 1) 

h m 

o 






o 

— 


11 16 

26 4 

2L 

S 

BO 

S 

E 

N 79 4 W 
S 79 3 E 

100 70 

N 89 6E 







N 

W 

S 78.7 W 








N 

S 

E 

N 78 4 E 
N 79.2 W 
S 79 3 E 

78 48 


Means 

24 

26 3 




W 

S 78 5 W 
N 78 3 E 



11 20 

26 4 






2 u 

22 22 

S 89 59 W 


W 

(Set 2) 

11 25 

26 3 

2L 

S 

AO 

S 

W 

S 78 4 W 








N 

E 

N 78 3 E 
N 79 2 W 

78 35 

S 89.3 W 








N 

S 

W 

E 

S 79 4 E 

S 78 2 W 
N78SE 

100 68 


Means 

30 

26 2 




N 79 3 W 

S 79 4 E 



11 28 

26 2 






2 u 

22 33 

S 89 52W 


W (Set 3) 

11 34 

26 2 

2L 

S 

BO 



2 u 

22 27 

S 89 48W 

W (Set 4) 

11 42 

26 2 

2L 

s 

AO 








2 u 

22 30 

S 89 47W 


h m 

o 









w 

(Set la) 

12 17 

27 8 

45 

s 

BO 

S 

E 

N 76 4 W 


O 






N 

W 

S 75 3 E 

S 74 7 W 

104 65 

N 89 5 E 







N 

E 

N 74 7 E 

N 75 3 W 

S 75 4 E 

74 60 



24 

26 5 




S 

W 

S 74 5 W 

N 74 5 E 



Means 

12 20 

27 2 






2 u 

30 05 

S 89 62W 

W 

(Set 2a) 

12 25 

26 3 

45 

s 

AO 

S 

W 

S 74 5 W 








N 

E 

N 74 6 E 

N 75 5 W 

74 45 

S 89 7 W 







N 

W 

S 75 3 E 

S 74 4 W 

104 55 



33 

26 0 




S 

E 

N 74 3 E 

N 75 4 W 

S 75 6 E 



Means 

12 29 

26 2 






2 u 

30 10 

S 89 SOW 

W (Set 3a ) 

12 36 

26 0 

45 

s 

BO 



2 u 

30 05 

S 89 52W 

W (Set 4a) 

12 43 

26 0 

45 

s 

AO 



1 





2 u 

30 00 

S 89 SOW 


Remarks 

Magnetic articles removed Yes 
In shade of sails 


Chronometer D53157 
Correction on G, M T 
GMT 
Longitude 
L. M. T. 

Chronometer 241 

Chronometer 241 on L M. T. 


h 

m 

8 

22 

56 

00 

— 

15 

30 

22 

40 

30 

6 

39 

40 

16 

00 

50 

11 

09 

44 

+ 4 

51 

06 


'Lubber-lino reading of D2 when standard compass (E3C) reads on course 
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Total-Intensity Observations, April 14, 1908. 


VI. Magnetic Observations on Course: Total Intensity (F) by Loaded-Dip Method 


Station: At sea 

Date * Apr 14, 1908, P M. 

Dip Circle 189 


(Form 11) 

Lat 5° 41' S Long 99° 55' W 

Vessel Galilee Obs’r: PHD 

Chron H W Needle 4, weight , 11 


1 End of needle marked A north up X 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

0 

142 5 
145 0 
142 0 
145 0 

0 

321 5 

324 0 
323 5 

325 0 

0 

36 5 

37 5 

36 5 

38 5 

o 

216 0 
218 5 
216 5 
218 5 

0 

35 5 

38 5 

37 0 

38 0 

o 

217 0 

218 5 
216 0 
218 0 

o 

140 0 
144 0 

141 5 
144 5 

0 

322 5 

323 5 
320 5 

324 0 

143 6 

-36 

323 5 

>°45 

-36 

37 2 

-37 

)?88 

217 4 

°30 

Mean /' 

37 2 

-3' 

— 37°13 

217 4 

r ?30 

-37 

142 5 

-37 

r °38 

322 6 

°45 

End of needle marked A north up jj 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

0 

142 5 
145 0 
140 5 
145 0 

0 

320 5 

324 5 

321 5 

325 0 

o 

36 5 

39 0 

35 5 

38 0 

o 

216 0 
218 0 

217 0 

218 0 

o 

35 0 

38 0 

36 0 

38 0 

o 

216 0 
218 5 
216 0 
217 0 

0 

142 0 
145 5 
142 5 
144 5 

o 

322 0 
324 0 
321 0 
324 0 

143 2 

-36 

322 9 

?95 

-3 

37 2 

— 37 

7°08 

217 2 

?20 

Mean I'. 

36 8 

-36 

— 36°95 

216 9 

i °85 

-36 

143 6 

-36 

°82 

322 8 

°80 

Set 

I 

II 

Remarks 

Chron time and temp , 
beginning 

Chron time and temp , 
ending 

Mean chron time and 
mean temp 

Chron corr onL M T 

Local mean time 

Mag’c mer for circle 
east reads 

h m C 

10 56 26?8 

10 59 27 0 

10 58 26 9 

+5 26 

16 24 

269 ° 15 ' 

h m C 

11 54 26°6 

11 57 26 5 

11 56 26 6 

+5 26 

17 22 

269 ° 15 ' 

Ship’s head West 
Weather be 

Sea M 

Wind SE, 4 

Roll 10° to 20° 
Magnetic articles re- 
moved Yes 
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Total-Intensity Observations, April 14 , 1908 — Continued. 

VII. Magnetic Observations on Course: Total Intensity (F) by Deflection Method 


Station: At sea 

Date- Apr 14, 1908, P M. 

Dip Circle' 189 


(Form 12) 

Lai 5° 41' S 
Vessel. Galilee 
Chron H W 


Long 99° 55' W 
Ofi/r* PHD 

Needles 3 and 4, distance , long 


End of suspended needle 3 maiked A north 1 

Circle East 

Circle West 

Needle Face East 

Needle Face West 

Micro 

Direct 

Micro Reversed 

Micro Reversed 

Micio Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o 

137 5 
139 5 
136 0 
139 0 

o 

315 5 
318 5 

316 5 
321 5 

o 

221 0 
223 0 
220 0 
223 0 

0 

40 0 

43 0 

39 0 

44 0 

0 

40 5 
43 0 

41 5 
43 0 

0 

221 5 
225 0 
221 0 
223 0 

0 

316 5 
320 5 
318 5 
320 0 

0 

137 5 

141 0 

137 5 

139 5 

138 0 

318 

359 

318 0 

°00 

82 

18 

Mean I 

221 8 

41 

41 

. —0°39 

41 5 

°65 

82 

42 0 

222 

41 

222 6 

.30 

70 

ui. 4 

318 9 

138 

180 

1°76 

138 9 

°90 

60 

60 

Suspended needle 3 turned face about on bearings H 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Micro Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o 

317 0 
321 5 
317 5 
319 0 

0 

136 5 

139 0 

137 0 

139 0 

o 

40 5 

45 0 

40 5 

42 5 

o 

220 0 

224 0 

219 5 

224 0 

o 

220 0 
224 5 
220 0 
224 5 

0 

39 0 

44 0 

40 0 

42 5 

o 

135 0 

141 0 

136 5 
139 5 

0 

316 5 

318 5 

316 5 

319 0 

318 8 

138° 

180 

137 9 

35 

17 

17 

Mean I 

42 1 

222° 

41 

— 0°18 

221 9 

00 

82 

222 2 

41° 

42 

41 4 

80 

00 

ui: 4 

138 0 

317° 

359 

l°91 

317 6 

80 

80 

20 

Set 

I and II 

Remarks 

Chron time and temp , beginning 

Chron time and temp , ending 

Mean chron time and mean temp 

Chron corr on L. M T 

Local mean time 

Magnetic meridian for circle east reads 

h m C 

11 01 27 °0 

11 11 26 8 

11 06 26 9 ! 

+5 26 ] 

16 32 

269° 15' 

Ship's head West 
Weather* be 

Sea M 

Wind* SE, 4 
toll: 10° to 20° 

Magnetic articles re- 
moved Yes 
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Total-Intensity Observations, April 14 , 1908 — Concluded. 
VIII. Magnetic Observations on Course: Total Intensity (F) by Deflection Method 

(Form 12) 

Station- At Sea Lot- 5° 41' S Long 99° 55' W 

Date Apr 14, 1908, P M. Vessel- Galilee Obs’r PHD 

Dip Circle 189 Chron- H W Needles 3 and 4, distance, short 


End of suspended needle 3 marked A north I 

Circle East 

Circle West 

Needle Face East 

Needle Face West 

Micro 

Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o 

108 0 
114 0 
108 5 
110 5 

o 

288 0 
294 0 
289 0 
293 5 

o 

248 5 
250 5 
248 0 
252 0 

0 

67 5 

72 5 

68 5 

71 0 

0 

68 0 

70 5 

68 5 

72 0 

o 

247 5 
251 0 

248 0 
250 0 

o 

288 0 
293 0 
289 0 
292 0 

o 

108 5 
112 5 

109 5 
111 0 

110 2 

290 

360 

+ 

291 1 

°65 

25 

25 

Mean 1 

249 8 

69 

69 

+0?15 

69 9 

?85 

60 

69 8 

249 

69 

249 1 

°45 

50 

Ui * 6 

290 5 

110 

179 

4- 

>9°55 

110 4 

°45 

95 

05 

Suspended needle 3 turned face about on bearings II 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Micro 

Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o 

289 0 
292 0 

290 0 

291 0 

0 

109 5 
112 0 
109 0 
112 5 

o 

68 0 

71 5 

67 0 

70 5 

0 

248 5 
253 0 

249 5 
252 0 

0 

246 5 
250 0 

248 0 

249 5 

o 

67 0 

70 0 

66 5 

70 5 

o 

109 5 

114 0 

110 0 

115 0 

o 

290 0 
293 0 

290 5 

291 5 

290 5 

110 

180 

110 8 

?65 

32 

32 

Mean I 

69 2 

250 

69 

— 0!12 

250 8 

?00 

68 

248 5 

68 

68 

68 5 

°50 

42 

ui : 6 

112 1 

291 

360 

9?05 T 

291 2 

?65 

08 

08 

Set 

I and II 

Remarks 

Chron time and temp , beginning 

Chron time and temp 3 ending 

Mean chron. tune and mean temp 

Chron corr on L M. T 

Local mean time 

Magnetic meridian for circle east reads 

h m C 

11 44 28°0 
11 52 26 7 

11 48 27 4 

+ 5 26 

17 14 

269° 15' 

Ship’s head West 
Weather, be 

Sea: M 

Wind: SE, 4 

Roll* 10° to °20 
Magnetic articles re- 
moved Yes 




Specimen Observations on the Galilee 


Inclination Observations, April 14, 1908. 


IX. Magnetic Observations on Course: Inclination (I) 


(Form 10) 

Station- At Sea Lat 5°41'S 

Date ■ Apr. 14, 1908, P. M. Vessel Galilee 
Dip Circle. 189 Chron H W 


Long 99° 55' W 
Obs’r P H. D 
Needle 5 


End of needle marked A north up Micro A on A. 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

o 

178 0 
181 5 
178 0 
181 0 

0 

358 0 
361 0 
357 5 
361 5 

o 

359 5 
362 0 
359 0 
362 5 

0 

180 0 
181 5 
178 0 
181 0 

0 

358 0 

361 0 
360 0 

362 0 

o 

180 5 

181 0 
179 5 
182 5 

0 

178 0 
180 0 
178.5 
181 0 

o 

359 5 

361 0 

358 5 

361 5 

179 6 

-0 

359 5 

?45 

~( 

360 8 

-0 

)°45 

180 1 

?45 

Mean 

360 2 

-0 

-0°42 

180 9 

°55 

-0 

179 4 

-0 

°40 

360 1 

°25 

Polanty reversed 1 End of needle marked B north up Micro. A on A 

Circle East 

Circle West ' 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

o 

178 5 
180 5 
178 0 
182 0 

o 

359 0 
363 0 
358 5 

360 5 

o 

358 5 

360 5 

359 0 

361 5 

0 

178 5 
181 5 
180 0 
181 0 

0 

359 5 
361 0 
358 0 
361 0 

o 

178 0 
182 0 

179 0 
182 5 

o 

179 0 
182 0 
178 5 
181 0 

0 

357 5 

361 5 

358 5 

361 5 

179 8 

0?( 

360 2 

>0 

-0 

359 9 

-0 C 

3 02 

180 2 

*05 

Mean* 
Mean I 

359 9 

-o' 

— 0?06 
— 0 24 

180 4 

15 

~0 

180 1 

-0 

no 

359 8 

>05 

Polarity 

A 

B 

Remarks 

Chron time of beginning 

Chron time of ending 

Mean chronometer time 

Chron correction on L M T. 

Local mean time 

Mean L M T 

Magnetic meridian for circle east reads 

h m 

10 44 

48 

10 46 
+ 5 26 

16 12 

16 h 

269° 

h m 

12 07 

11 

12 09 
+ 5 26 

17 35 

54 m 

1? 

Ship's head West 
Weather be 

Sea M 

Wind SE, 4 

Roll 10° to 20° 
Magnetic articles re- 
moved Yes 


‘Polarity reversed by 10 strokes of bar magnets on each face of needle 
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Inclination Observations, April 14, 190 8— Concluded. 
X. Magnetic Observations on Course: Inclination (/) 


(Form 10) 

gSg'WPM ss'-oss' 1 

Dtp Circle, . 189 Chronometer • H W. 


Longitude 99° 55' W 
Observer PHD 


End of needle marked A north up 

* Micro A on A 

Circle East 

Circle West 

Circle West 

Circle East 

Needle ! 

Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

0 

178 0 
181 0 
178 5 
181 0 

o 

357 0 
360 5 
357 0 
360 0 

o 

361 0 

361 5 
359 0 

362 0 

0 

180 0 
181 5 
179 0 
181 5 

o 

359 0 
361 5 

360 0 
363 0 

0 

179 5 
182 5 
179 5 
183 0 

o 

178 0 
180 5 
178 5 
180 0 

0 

358 0 

360 5 

358 0 

361 0 

179 6 

-0 

358 6 

°90 

-0 

360 9 

-0 

i°80 

180 5 

?70 

Mean. 

360 9 

-1 

— 0°82 

181 1 

°00 

-0 

179 2 

a *~o 

>!8fi 

359 4 

?70 

„v,*d. End needle nurtod B north up A „„ . 

Circle East 

Circle West 

Circle West 

Circle East 

Needle F 

ace East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

178 5 
181 5 
178 0 
1S1.0 

O 

358 5 
361 0 

359 0 
361 5 

o 

358 0 
362 5 

359 0 
361 0 

o 

178 0 
182 5 
180 0 
181 5 

o 

359 0 
362 5 
359 0 
362 5 

o 

178 5 
183 0 

179 5 
182 0 

o 

178 5 
ISO 5 
178 0 
181.0 

o 

359 0 

361 5 

357 5 

362 5 

179 8 

-0' 

360 0 

10 

-0 4 

360 1 

-0 e 

>20 

180 5 

’30 

Mean 
Mean I 

360 8 

-0 C 

— 0°35 
-0 58 

1 

180 8 

’80 

-0! 

179 5 

-0? 

‘50 

360 1 

20 


Polarity 


Chron. time of beginning 
Chron time of ending 

Mean chronometer time 
Chron coiTection on L M T 

Local mean time 
MeanL M T. 

Magnetic meridian for circle east reads 


h m 
10 49 
54 

, 10 52 

+ 5 26 


16 18 


h m 
12 00 
06 

12 03 
+5 26 


16 h 54“ 
269° 15' 


17 29 


‘Polarity reversed by 10 strokes of bar magnets on each 


Remarks 


Ship’s head* West 
Weather be 
Sea- M 
Wind SE, 4 
Roll 10° to 20° 
Magnetic articles 
removed . Yes 


face of needle 
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Computation of Magnetic Observations, April 14, 1908. 

The foregoing observations on course were computed in the same way as were the swine 

nf tl0ns i ?u p amed °? pages 33 to 46 - It was necessary to apply to each course value 
ol an element the proper deviation-correction, derived as explained on pages 91-92. 

nntpH nsWF 36 ° f oo he d ® clination observations given on pages 47-48, each set was com- 
puted, using Form 22 as shown on page 35. The results of the computations were as follows: 


Table 2 —Values of the Magnetic Decimation on April U, 1908, from A M Observations. 


(Latitude, 6° 01' S, longitude, 98° 30' W ) 


Instru- 

ment 

Set 

Method 

Local 

Apparent 

Sun by 
Compass 

Instrumental 

Correction 

Corr'd 

Compass 

Reading 

Sun’s 

Obs’d 

Devia- 

Corr'd 





Time 

e 

Ap C 

Aqc 

Azimuth 

Decl’n 

tion- 

Corr’n 

Decl’n 

R3C 

R3C 

R3C 

R3C 

1 

2 

1 

2 

Prism 

Prism 

Alidade 

Alidade 

h 

6 

6 

6 

6 

m $ 
12 16 
24 65 
13 57 
23 14 

o 

N 70 79 E 

70 88 

71 94 

70 94 

0 

+ 03 
+ 03 
+ 02 
+ 03 

0 

+ 28 
+ 28 

0 

+ 06 
+ 06 

0 

N 71 10 E 

71 19 

72 02 

71 03 

0 

N 80 35 E 

79 98 

80 30 

80 03 

0 

+9 25 
+8 79 
+8 28 
+9 00 

o 

- 08 
- 08 
- 08 
- 08 

o 

+9 17 
+8 71 
+8 20 
+8 92 

TVo 


Prism 

Prism 

Alidade 

Alidade 

a 

6 

0 

6 

16 34 
22 03 
18 36 
20 34 

N 71 86 E 
71 80 

70 70 

71 50 





Means 

+8 83 

- 08 

+8 75 

DZ 

m 

D2 

D2 

1 

2 

1 

2 

00 

00 

+ 01 
+ 01 

- 54 

- 54 

+ 04 
+ 04 

N 71 32 E 
71 26 

70 75 

71 55 

N 80 23 E 
80 07 

80 18 

80 12 

+8 91 
+8 81 
+9 43 
+8 57 

- 21 
- 21 
-.21 
- 21 

+8 70 
+8 60 
+9 22 
+8 30 











Means 

+8 93 

- 21 

+8 72 

. 








1 


Weighted 

mean 


+8 74 


Table 3 —Values of the Magnetic Decimation on April U, 1908, from P M. Observations 


(Latitude, 5° 41' S, longitude, 99° 65' W) 


Instru- 

ment 

Set 

Method 

Local 

Apparent 

Sun by 
Compass 

Instrumental 

Correction 

Corr’d 

Compass 

Sun’s 

Obs’d 

Devia- 

Corr'd 




Time 

€ 

Ape 

Aac 

Reading 

Azimuth 

Decl’n 

tion- 

Corr’n 

Decl’n 

R3C 

R3C 

R3C 

R3C 

1 

2 

1 

2 

Prism 

Pnsm 

Alidade 

Alidade 

h m s 

16 44 00 

17 04 01 

16 46 42 

17 01 43 

o 

N 87 34 W 
88 13 

87 37 

87 97 

o 

- 02 
- 02 
- 02 
- 02 

0 

- 28 
- 28 

o 

- 03 

- 04 

o 

N 87 04 W 
87 83 

87 32 

87 91 

o 

N 78 08 W 
78 85 

78 20 

78 78 

0 

+8 96 
+8 98 
+9 12 
+9 13 

0 

- 08 
- 08 
- 08 
- 08 

o 

+8 88 
+8.90 
+9 04 
+9.05 

no 

1 

2 

1 

2 

Pnsm 

Prism 

Alidade 

Alidade 

16 49 25 
16 59 10 
16 51 35 
16 57 06 

N 86 83 W 
87 28 

87 44 

87 88 





Means 

+9 05 

- 08 

+8 97 

uz 

D2 

D2 

D2 

+ 10 
+ 10 
+ .10 
+ 10 

+ 54 
+ 54 

- oi 

- 01 

N 87 47 W 
87 92 

87 53 

87 97 

N 78 30 W 
78 68 

78 39 

78 60 

+9 17 
+9.24 
+9 14 
+9 37 

- 21 
-.21 
-.21 
- 21 

+8 96 
+9 03 
+8 93 
+9.10 










Means 

+9 23 

- 21 

+9 02 










Weighted mean 


+8 99 


0 ™ Th k ’ m ++ 1 ® n 0 tal corrections had been applied, the mean of the four sets of 
a. m. observations with R3C was +8?83. The corresponding value for D2 was +8°93 
The respective deviation-corrections (see p. 92) were -0?08 and -0?21, giving as the 
final values of the magnetic declination, 8! 75 E by the standard compass (R3C) and 8° 72 
E by the sea deflector (D2). The final weighted mean, compass weight 2 deflector weight 

1 was 8!74 E or 8° 44' E, (latitude, 6° 01' S; longitude, 98° P 30' WUs given bu^the^TaMe 
of Results (p. 104). The standard compass, R3C, was given weight 2 as compared with 
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St™* 6 the de ™ tta - corI “ ti »' K »*• much more strongly 

As seen from Table 3, page 55, the 4 sets of p. m. observations, with instrumental 
SZ, *? phed > were + 9 ' 05 and + 9 -23, respectively, for standard compassTd sea 
defleetor. Since the course was again WSW, the deviation-corrections were the same as for 
the a m observations, viz : -0?08 and -0?21 respectively. The final results we+8<>97 E 

l^ing 0P | ^ e . se ^ deflector CD2), the weighted mean 

££££ I 4 S; longItude ’ 66< W) - For “*■»«*“ » f 

It will be observed that whereas the range in the corrected values of the declination 
(see last column of tables), is about 1° for the a. m. observations when the vessel was rolling 
rom side to side 30 and more, it is but 0?3 for the p. m. observations, although the roll of 
the vessei was 20°. When it is considered that a single value of the eight a m or p m 
sets depends upon observations made during an interval of time of about one minute the 
results under the conditions encountered, must be regarded as very satisfactory. 

The honzontal-mtensity observations with sea deflector 2 (D2), given on nage 49 
are presented m detail for two of the four sets, with each magnet 2^ 5; but for 
the other sets only the mean results are given in Table 4, viz, the two sets below the 
detailed results for each magnet. These observations were computed on Form 25 as 
shown on page 38, using the final value of log mC as given on page 64 The 3ue of H 

co^ectiL +0 OO^rriTg? 1011 WaS r 3 ? 2, T? iCh b f Came °- 3304 ’ When the 

+ .0022, page 92, was applied. The results in detail are shown in Table 4. 

Table 4 -Values of Horizontal Intensity with Sea Deflector 2, on April lJ h 1908 , P M 
(Latitude, 5° 41' S , longitude, 99° 55' W ) 


Magnet 


Set 


2L | l 
2 

3 

4 

Mean 

Deviation-correction 
Corrected H 


H 


C Q S 

3292 

78 

84 

81 


3284 

+22 


Magnet 


Set 


45 | 1 

2 

3 

4 

Mean 

Deviation-correction 


3306 
Mean 0 3304 


H 


c g s 
3280 
75 
82 
86 


3281 

+22 


3303 


as „n<sr T e - com ? uted on porm 25 “- 

were used in maku^ tlus mmpLtim Th^fWl^uE ,° g f* Table 18, page 70, 

respectively: 0.3270 and 0.3266, the mean giving 0 326« f fo!°thVh 4 ?r t!inces were 

deflections, while 0.3267 was the result by the looted nSdle to th^’ft’ “!?"?*?. b 7 
corrections were +0 0026 and 4-0 onoft i . . e ' , n ^ ls case the deviation- 

were^aT^^rS^e^We^l ? ««*** successful 

in the lowest riagnefeEitadS u' ^intensity observations, even 

for measuring diLTy SontelteeSity “ “ mstrum “ t - «“ «• deflector, 
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From, the dip-circle observations given on pages 51-54, four values of the inclination 
were obtained. The results in detail, showing the various corrections applied, are given 
in Table 5. 


* Table 5 — Values of the Magnetic Inclination on Apul l/ h 1908, P M. 
(Latitude, 5° 41' S, longitude, 99° 55' W ) 


Instrument and method 

Obs’d 

Incl’n 

Instr’l 

Corr’n 

Reduced 

IncPn 

Deviation 

Corr’n 

Corr’d 

Incl’n 

Weight, 

D C 189, needle 5, regular dip 

o 

-0 24 

o 

+0 05 

0 

-0 19 

0 

+0 25 

0 

4-0 06 

2 

D C 189, needle 6, regular dip 

-0 58 

+0 05 

-0 53 

+0 25 

-0 28 

2 

D C 189, needle 3, deflected dip, long distance 

-0 28 

-0 14 

-0 42 

+0 25 

—0 17 

1 

D C 189, needle 3, deflected dip, short distance 

+0 02 

-0 12 

-0 10 

+0 25 

4-0 15 

1 


Weighted means 

-0 33 

+0 25 

-0 08 



The quantities in the column “Instrumental correction” were derived from Table 16, 
page 69. The deviation-correction + 0°25 is computed on page 92. Next, the 
weighted mean was taken, giving to each of the values by needle 3 a weight of 1, and to 
the values by 5 and 6 a weight of 2 each. The resulting value of the inclination is - 0?08, 
or o °° 05' S, thus showing that the point of observation (latitude, 5° 4T S; longitude’ 
99° 55' W) was at the time practically on the magnetic equator. 

Summary of Results of Observations Made on Course, April 14, 1908. 

Summarizing, we have the results given in Table 6. 


Table 6 . — Results of Magnetic Observations on April 14 , 1908 


Station 

Latitude 

Long 
East 
of Gr 


Decimation 



Inclination 

Horizontal Intensity 

L M T 

Value 

Insti 

Obs’r 

P* 

L M T 

Value 

Instr 

Obs’r 

p 3 

h M T 

Value 

Instr 

Obs’r 

p 3 

187 G III 1 

188 G IIP 

0 / 

6 01 S 

Weigh te 

0 / 

261 30 

d mean 

h 

6 3 
6 3 

o 

8 75 E 

8 72 E 

R3C 

D2 

WJP 

PHD 

2 

1 

h 

o 




h 

c g s 




8 74 E 
(8° 44' E) 














5 41 S 

260 05 

1 16 9 
16 9 

8 97 E 

9 02 E 

R3C 

D2 

WJP 

DCS 

2 

1 

16 9 
16 9 
16 9 
16 9 

+0 06 
-0 28 
-0 17 
+0 15 

4 1S9 5 
5 1S9 6 
"189 3L 
7 189 3S 

PHD 

PHD 

PHD 

PHD 

2 

2 

1 

1 

16 9 
16 9 
16 9 

3304 

3294 

3275 

*D2 

“189 S4SL 
w 189 4 

DCS 

PHD 

PHD 

3 

2 

1 

Weighted means 

1 8 99 E 
(8° 59' E) 





-0 08 
(0° 05' S) 





3296 



• 


for inebriation and intensity observations For the declination observations it was necessary to change the 
course to WSW in order that the Sun would not be obscuied by masts or rigging Roll, 20° during decimation observations, 
and 30° while inclination and intensities were being observed , sea, M , weather, be 

3 This is the combining weight for use when taking the weighted mean of individual values It is not to be confused 
mth the weight • which appears in the Table of Results (p 104) The latter is intended to give an approximate measure 

of the reliability of a result according to conditions encountered mr ----- J *’ ’■ * - 

assigned in the table (see explanation, p 95) 

4 Sea dip-circle 189, needle 5, regular dip 
6 Sea dip-circle 189, needle 6, regular dip. 

•Sea dip-circle 189, needle 3, deflected dip, long distance. 

7 Sea dip-circle 189, needle 3, deflected dip, short distance 
*Sea deflector 2 


o- ■ ~ U1DOTU1C 

Thus, to the results on April 14, 1908 a weight of 2 was 


®Sea dip-circle 189, deflection observations, needles 3 and 4, short and long distance 
10 Sea dip-circle 189, loaded-dip observations, needle 4. 
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SHORE MAGNETIC WORK. 

Mention occurs on page 15 of shore magnetic observations being made at every port 
visited by the vessel. Specimens of the usual land observations will be found in Volume I, 
pages 30-41. The corrections for the various instruments on the adopted standards will be 
found on pages 76-77. 

The results of the shore observations and descriptions of stations are given on pages 
105-114. 


DETERMINATION OF GEOGRAPHIC POSITION AT SEA. 

General Methods. 

It would avail little to strive for the highest accuracy in the values of magnetic elements 
at sea if the corresponding geographic position were not well determined at the same time. 
There are regions in the Pacific, as well as in other portions of the globe, where the mag netic 
declination and inclination vary almost as rapidly as the geographic coordinates expressed 
in the same units. It is therefore of vital importance to secure the closest approximation 
possible to the true geographic position corresponding to the time of the magnetic results 
particularly at sea, where the ship’s position is changing continuously. If it were possible 
to determine simultaneously both geographic coordinates at the middle of the magnetic 
observations, or at instants whose mean would correspond to the middle of the magnetic 
observation, the problem would be comparatively simple and the desired accuracv might 
be readily secured. 

Opportunities for simultaneous determinations of both coordinates have sometimes 
occurred for several days in succession, when either the Moon or some very bright star 
visible in daylight, was favorably situated with regard to the Sun about the middle of mag- 
netic observations. Such opportunities are never missed, as the geographic position thus 
determined is final, if the chronometer rate assumed is found to have been satisfactory 
Usually, however, as the Sun only is available in the day, and stars only during twilight 
since the horizon is lost in the later darkness, the geographic coordinates must be deter- 
mined, m succession, as the Sun changes in azimuth and as the ship sails from point to point. 
Ihe customary procedure, therefore, has been to observe the Sun’s altitude in the morning 
at noon, and in the afternoon, and the altitudes of stars at dusk. The ship’s changes of 
position during the day were determined from the course or courses sailed and the distances 
recorded by a taffrail log. Whenever feasible the altitudes of three different stars were 
observed, to eliminate, as far as possible, both instrumental and observational errors. 

The geographic position at the time of magnetic observations was determined by computing 
the changes in latitude and longitude from the preceding position fixed by astronomic 
observations, then notmg the differences in the latitude and longitude of the following 
astronomic station, as computed by the course and distance run (the dead reckoning) and 
as given by the astronomic observations. These errors of run in latitude and longitude 
were distributed over the distance run proportionally to the time elapsed. Such distribu- 
tion of the error of dead reckoning is based on the assumption that the causes producing the 

sidered 6 ^ ’ ***’ le6Way ’ ° r bad Steering ’ are constant throughout the period con- 

Thus, on April 14, 1908, there were magnetic-declination observations (see p. 47) 
about 6 a. m., ship s time followed by two altitudes of the Sun about 9 a. m., two latitude 
observations at noon, and two altitudes of the Sun in the middle of the magnetic observa- 
ivT'j r altltudes were taken in each case by observers D.C.S. and P.H.D. Finally 

?™ir 6 !i° f < ^ anopus .’ J 1 u P iter > and Rigel were measured at twilight, thus completely con- 
trolling the changes in latitude and longitude throughout the day. 
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Forms . — As in the magnetic observations and computations, forms are also used in the 
work of determining the ship’s position. They not only lead to a systematic record of the 
observations and computations, but are also great aids to the computer and reviser. Three 
forms are used: one for the dead reckoning, one for the longitude, and one for the latitude. 
This method of navigation lends itself readily to the subsequent operations of correcting 
the positions for both the error in the course and distance sailed and for the error in the chro- 
nometer rates used at sea. Latitude observations were usually made by three observers 
with different sextants, following the usual practice at sea of noting the maximum altitude 
at noon. Sun-longitude observations were usually made by at least two observers with 
different sextants, six altitudes in rapid succession being measured by each observer. 
When three stars were available at twilight observations, two or three altitudes of each one 
were measured in succession, followed by an equal number of altitudes of the same stars 
taken in the reverse order, so that the mean altitude of each star corresponded very closely 
to the same instant. In order to expedite the work, readings were entered directly on 
the forms by a recorder, who also noted the times. Both before and after observations, 
the time-piece used was compared with the chronometer selected as a standard, and as all 
the chronometers were also intercompared daily it was possible to determine the longitude 
by each one separately. This, in fact, has been done in the office revision. 

Before leaving port the chronometer rates were determined by comparison with stand- 
ard-time signals, or by local time-determinations with sextant and artificial horizon at 
intervals of seven to ten days. The rates thus determined were accepted and used until 
the next port was reached, when the errors resulting from the accepted rates were deter- 
mined and the preceding longitudes were corrected accordingly. Every longitude of a 
magnetic station at sea, therefore, depends upon the controlled rates of from three to five 
chronometers. 

The value of the dip of the sea horizon received considerable attention. When pos- 
sible, back altitudes through the zenith to the opposite horizon were measured, but the 
application of this method was restricted practically to altitudes of the Sun in the equatorial 
regions. On Cruise III of the Galilee the dip of the horizon by the Pulfrich dip-measurer was 
applied to each altitude observed in daylight. Occasionally also on this cruise altitudes 
were attempted with the gyroscopic octant constructed by Ponthus and Therrode, but the 
operation was found to be so difficult, owing to the motion of the ship, that this method was 
soon abandoned. On a larger and steadier vessel this instrument might be more practical. 
It may be stated here that the many checks on the altitudes measured during Cruises 
II and III of the Galilee, and the observations with the Pulfrich dip-measurer, gave no indi- 
cation of abnormal refraction or apparent dip of the horizon beyond the limits of precision 
of the instruments used. However, it must be admitted that sextant observations on the 
Galilee, where checks on the altitudes were available, were made mostly upon the deep sea 
and in regions where there was no very large difference between sea-temperatures and air- 
temperatures. 

Sextant index-corrections were determined every few days by star-methods or Sun- 
methods. 

Specimen observations for the determination of geographic position will be found given 
in connection with the work of the Carnegie (see pp. 226-230). 

Accuracy op Positions at Sea. 

Accuracy of geographic positions is dependent on so many factors that it is quite impos- 
sible to define it by exact figures based on any one investigation of numerical results. The 
first consideration would naturally be the magnitude of the probable error of the measured 
altitudes, and, if the observation were a meridional one, this probable error would be the 
probable error of the resultant latitude at the instant of observation. But as it rarely 
happens that this instant corresponds to the time of a magnetic observation, the observed 
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latitude must be altered by a quantity which depends upon the run of the ship between 
observed latitude and the place of the magnetic observations. 

The error in run may be controlled by the astronomic observations immediately pre- 
ceding and following the magnetic observations. This procedure is, in fact, the method 
employed in the ocean work. But in attempting to assign limits of accuracy we are again 
confronted with the error in this control which depends on stability of speed and direction 
of ocean currents, and upon constancy of leeway and steering. Again, if the observed 
Sun or star be east or west of the meridian, there is an additional uncertainty introduced 
by the unknown error in the assumed chronometer-rate. This error, however, need not 
be considered in the ease of the Galilee and Carnegie, since it was controlled by time compar- 
isons at every port available for the purpose, and was distributed back when appreciable. 
An investigation of some of the three-star determinations of the ship’s position made on the 
Galilee indicates that if the Sun or star be favorably situated and the weather and sea con- 
ditions fair, the average error to be expected in the determination of the geographic position 
is less than 2 miles. The error in the control of the “error of run” is usually insignificant if 
the controlling .astronomic observations are not more than 6 hours apart. This has usually 
been the case in the Galilee and Carnegie observations, except in high latitudes, where fog 
and clouds prevail. Of course, there are exceptional times when no astronomic observa- 
tions are possible for several days. The geographic positions for the results of magnetic 
inclination and intensity are then more or less uncertain. In the case of magnetic-declina- 
tion results, however, the Sun or star that serves for the decimation observations usually 
permits of at least a fairly good determination of position. (See PI. 2, Fig. 4.) 


REDUCTION FORMULAE AND DETERMINATION OF CONSTANTS. 

CONSTANTS AND CORRECTIONS FOR SEA INSTRUMENTS. 

The instrumental constants and reductions to standards (see p. 77) of the sea instru- 
ments used in the Galilee work were determined at Washington and at the various ports 
visited by comparison with standardized land instruments. The method adopted in these 
comparisons was that of simultaneous observations, except during the earlier work, when 
the method of alternate observations was used. In order to refer values of the magnetic 
elements at one observing station to any of the other stations, station-differences were care- 
fufiy determined at each port from the observations with the land instruments, following 
the methods described m Volume I (pp. 19, 20). >6 


Declination Observations. 

Standard compass and azimuth circle.— For specimen declination-observations with the 
standard Ritchie compass and azimuth circle on board ship, and the corresponding compu- 
tations, see pages 47-48 and 55. The purely instrumental corrections for the compassTd 

indTe^ror^rwS /T ? card ;g raduation error and eccentricity of card mounting, (2) 
iX « ? ’ d 3 !f Ck J ° f Correct adjustment of the azimuth-circle attachments. Card- 
graduation errors and index errors were determined at shore stations by observing the mag- 

thfmSS l 7 • ° r m ° re marks b the horizon ’ «•. at altitude practically 0°, 
he marks being selected to give as nearly equal angular distribution as possible. The mag- 
netic azimuths were controlled by simultaneous declination-observations with a standardized 

paTctrTrtadinls 1°* ^ instrument the total Periodic errors of the com- 

pass-card readings, determined m this way at a number of stations, were plotted with the 

meCi™ ate°rf ' S ' r X ^ &S absciss£e ’ and a mean curve was drawn. The 

mean ordinate of the resulting graph represents the index correction, x, of the conmass and 

- \r $ the ° rdinate ° f the «»* ^ : “rr, 

£mT 1 5 ^ * from 0 d one 3X6 the P ar ely periodic corrections, e The eorrec- 

t ons, A^or A K , arising fromany lack of correct adjustment of the azimuth-circle attachments 
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for the method of sighting used, viz, prism or alidade, may be represented by the formula 
(see pp. 134-140) 

A vc or A„ = x + y tan h + z tan h tan % + w tan h sec k 

in which x is the index correction as above determined, h is the altitude of the celestial body 
observed, and y, z, and w are coefficients which may be determined by least-square adjust- 
ment of a number of observations at different altitudes. The data for the establishment 
of such a formula for the azimuth circle of each compass were secured at the shore stations 
from series of observations made on the Sun with this instrument to determine the magnetic 
declination. The absolute values of the magnetic declination were determined from obser- 
vations with the standardized magnetometer. Depending upon the sighting device (prism 
or alidade) used, the total correction then, is either e -f- A vc or e + A M . 

Each of the tenns making up the total correction to observed card-reading, viz, e 
and Ajk or A ac , is given separately in this section for each compass and azimuth circle. 
The signs attached are in the sense of continuous graduation from the south point as 0° through 
360° in a clockwise direction; therefore all card readings in the southwest and northeast 

quadrants — that is, all readings from S to S 90° W (or W) and from N to N 90° E (or E) 

must be numerically increased when the sign given for e, A pc , or A ac is plus (+), while all 
card readings in the other two quadrants must be numerically decreased when the sign 
given for e, A^, or A ac is plus (+), and vice versa. 

Standard Ritchie compass 29971 with azimuth circle 387 -III (R1A ). — The prism method 
alone was used with this equipment,, which was on board during Cruise I. The corrections 
were included and applied in the ship's deviations, comparisons having been made directly 
between declinations observed on board and corresponding values observed on shore with 
the standardized magnetometer. 

Standard Ritchie compass 29971 with azimuth circle 41 8-1 1 I (RIB ).— The adopted 
periodic corrections to observed card-readings of compass RIB, used on Cruise II, are as 
follows: 


Table 7 — Periodic Corrections to Card Readings of Compass RIB 


Card 

Reading 

e 

Card 

Reading 

€ 

Card 

Reading 

€ 

Card 

Reading 

€ 

South 

S 10° W 

S 20° W 

S 30° W 

S 40° W 

S 50° W 

S 60° W 

S 70° W 

S 80° W 

o 

-0 09 
- 03 

+ 03 
+ 08 
+ 12 
+ 14 

+ 15 

+ 14 

+ 11 

West 

N 80° W 

N 70° W 

N 60° W 

N 50° W 

N 40° W 

N 30° W 

N 20° W 

N 10° W 

o 

+0 08 
-f 06 
+ 04 

+ 01 
- 02 

- 04 

- 06 

- 09 

- 10 

North 

N 10° E 

N 20° E 

N 30° E 

N 40° E 

N 50° E 

N 60° E 

N 70° E 

N 80° E 

o 

-0 11 
- 10 
- 05 

+ 04 

+ 12 
+ 18 
+ 18 
+ 16 
-f 12 

East 

S 80° E 

S 70° E 

S 60° E 

S 50° E 

S 40° E 

8 30° E 

S 20° E 

S 10° E 

o 

+0 07 
-f 02 

- 03 

- 09 

- 14 

- 19 

- 21 
- 20 
- 16 


The correction, , to observed card-readings by the prism method was found to be 
independent of the Suns altitude, but there were two marked changes in its value* the 
values adopted are ' 

A pc = +1?10 from February 14 to April 25, 1906 
Ape = — 0?62 from May 10 to May 18, 1906 
Apc = +0!18 from May 20 to October, 1906 

The adopted correction, 1 K , to observed card-readings by the alidade method, deduced 
from a least-square adjustment of all available data, varies with the Sun’s altitude h and 
is given by the formula J ’ 

Aac = + 0? 13 +0?00 tan /i-l?06 tan h tan|+0?30 tan h secj 

2 2 
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Standard Ritchie compass 294.99 with azimuth circle 481 -III ( RSC ). — The adopted 
periodic corrections to observed card-readings of compass R3C, used on Cruise III, are 
given in Table 8. 

Table 8 — Periodic Corrections to Card Readings of Compass RSC 


Card 

Reading 

e 

Card 

Reading 

€ 

Card 

Reading 

e 

Card 

Reading 

e 

South 

0 

+0 06 

West 

0 

+0 02 

North 


0 

0 07 

East 


o 

0 03 

S 10 ° w 

+ 08 

N 80° W 

+ 01 

N 10° E 

— 

06 

S 80° E 


05 

S 20° W 

4- 08 

N 70° W 

- 01 

N 20° E 

— 

04 

S 70° E 


07 

S 30° W 

-f 07 

N 60° W 

- 03 

N 30° E 


00 

S 60° E 

_ 

08 

S 40° W 

+ 07 

N 50° W 

- 04 

N 40° E 

+ 

03 

S 50° E 


07 

S 50° W 

+ 05 

N 40° W 

- 06 

N 50° E 

+ 

05 

S 40° E 

— 

05 

S 60° W 

+ 04 

N 30° W 

- 08 

N 60° E 

+ 

05 

S 30° E 

— 

02 

S 70° W 

+ 03 

N 20° W 

- 08 

N 70° E 

+ 

03 

S 20° E 

+ 

02 

S 80° W 

+ 03 

N 10° W 

- 08 

N 80° E 


00 

S 10° E 

+ 

04 


The value adopted for the correction, A vc , to observed card-readings by the prism 
method is for all altitudes 


A PC = -f- 0?28 

The adopted correction to observed card-readings by the alidade method, deduced from 
a least-square adjustment of all available data, varies with the Sun’s altitude, h, and is 
given by the formula (see p. 140) 

A,= +O?O0-1°68 tan A— 1?17 tan h tan^ + l?75 tan h secj 

z z 

Negus compass 31974 with Negus azimuth circle ( D1 ). — Declinations obtained by this 
compass and azimuth circle during Cruises I, II, and III (to July 18, 1907) were used only 
as checks upon values by compasses R1A, RIB, and R3C. 

Ritchie compass 33566 with azimuth circle 483-III ( D2 ). — The adopted periodic cor- 
rections to observed card readings of compass D2, used on Cruise III beginning August 
1907, are given in Table 9. 

Table 9 — Periodic Corrections to Card Readings of Compass D2 


Card 

Reading 

€ 

Card 

Reading 

e 

Card 

Reading 

e 

Card 

Reading 

e 

South 

S 10° w 

S 20° W 

S 30° W 

S 40° W 

S 50° W 

S 60° W 

S 70° W 

S 80° W 

0 

-0 02 
- 01 
- 01 
- 02 

- 03 

- 04 

- 06 
- 08 
- 09 

West 

N 80° W 

N 70° W 

N 60° W 

N 50° W 

N 40° W 

N 30° W 

N 20° W 

N 10° W 

0 

-0 10 
- 10 
- 08 

- 05 

- 02 

4* 01 
+ 04 

4* 08 
+ 10 

North 

N 10° E 

N 20° E 

N 30° E 

N 40° E 

N 50° E 

N 60° E 

N 70° E 

N 80° E 

0 

+0 13 

4- 14 

4- 14 

4- 12 

4- 09 

4- 06 

4- 04 
+ 01 
- 02 

East 

S 80° E 

S 70° E 

S 60° E 

S 50° E 

S 40° E 

S 30° E 

S 20° E 

S 10° E 

0 

-0 06 

- 09 

- 12 

- 14 

- 13 

- 11 
- 08 

- 05 

- 03 


The adopted correction, A pc , to observed card-readings by the prism method is for 
all altitudes 


A vc = - 0?54 

The adopted correction, A m , to card readings by the alidade method, deduced from 
a least-square adjustment of all available data, varies with the Sun’s altitude, h, and is 
given by the formula 

A„»+0?06-l!63 tan A+0?91 tan h tan| +1?33 tan h sec| 

z z 
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Kelvin compass and azimuth instrument (K).— Declination results by the Kelvin dry 
compass and azimuth instrument were for the most part experimental and were used only 
as checks upon determinations by the other compasses and azimuth circles. 

Horizontal-Intensity Observations. 

Sea deflector for horizontal-intensity observations.— As shown in specimen Form 25, page 
38, the horizontal intensity is computed from sea-deflector observations by the formula 


sin u 

in which m is the magnetic moment of the deflecting magnet, C is a constant involving the 
deflection distance (r), the distribution coefficients (P and Q), and the induction factor 
M, and u is the observed angular deflection produced by the deflecting magnet when its axis 
is perpendicular to that of the compass card. The sea deflector is a relative instrument 
and values of the so-called constant, mC = H sin u, must be determined from comparison 
horizontal-intensity observations made at shore stations with standardized absolute 
instruments. The constant, mC, is subject to changes arising from (1) decrease in m with 
time, (2) effects of temperature variations on m and r, and (3) effects of changes in vertical 
intensity, Z. In the Galilee work, except as noted below under constants for Cruise I all 
available data for log mC were subjected to a least-square adjustment based on the general 
formula 

log mC=\og mC 20 at r 0 + z A t + 2 / ( At) 2 + g( 20 ° - <) 

m which t is the epoch of observation expressed in years, r 0 is the selected reference epoch, 
At is (t — to), q is the factor representing the combined effect of a change in temperature of 

* C i? n ^ ra ^ e 0n m an< ^ ^ ^ 0n ^ a ^ er because of change in r), and t is the temperature 
of observation ; the standard temperature of reference is 20° centigrade. Instead of deriving 
all the unknowns in above equation simultaneously, it was found better to make a separate 
determination of the temperature factor, q, selecting the observations best suited for this 
purpose. The final results were arrived at by a process of successive approximations in 
the last steps of which q was treated as a constant. ’ 

As will be noted, the general form contains no term to correct for effects of changes in 
vertical intensity (Z). In the Galilee work it is reasonable to assume that such effects were 
at no time m excess of those determined for the improved and more accurate revolving- 
compass pattern of sea deflector used on board the Carnegie. In the case of that instrument 
the maximum effect (see pp. 238-239) on log mC, corrected for time and temperature, was 
for the extreme range in Z, of the order 0.0020, which is equivalent to less than 0.0052? • in 
general, the correction for the AZ-effect would be less than half of that amount. More- 
over, the AZ-effect was partly eliminated by the introduction of the (AT) 2 -term in the adjust- 
ment of the constant observations made at widely distributed ports. It is a fair assumption 
therefore, that the introduction of an additional term in log mC, to correct for outstanding 
effects of changes in Z, would probably not change the values computed by the adopted 
formulae more than 0.00151? in the extreme case. With the compass-azimuth-circle pat- 
tern of sea deflector used during the Galilee cruises, the error of observation at sea is about 
of the order 0.002??; a recomputation is, therefore, not warranted— especially since in 
general, the values given in the present volume are the means of both deflector and dip- 
circle determinations. 

Sea deflector (252).— For Cruise I, the adopted values of log mC are the means of all 
shore observations, the available data being insufficient for a reliable determination of a 
time-change coefficient for the short period of this cruise. The constants adopted from 
August 2 to December 13, 1905, for the 2 positions of the deflecting magnets in their housings, 
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viz, “letters up” and “letters down” (designated respectively U and D), and at the short 
deflection-distances are uu “ 

Magnet 45 (£7) log mC = 9.00673 + 0.00019(20° - 1) 

Magnet 45 (D) log mC = 9.00673 + 0.00019(20° - 1) 

Magnet NL (U) log mC = 8.94312 + 0.00016(20° - 1) 

Magnet NL(D) log mC = 8.94213 + 0.00016(20° - 1) 

Values of horizontal intensity computed with those constants were reduced toCIW 
Standard (see p. 77) by applying a correction of -0.0004777. 

q+ ^ or Cruises II -and III (to July 1907), the constants adopted on the basis of C I W 
Standard (see p. 77) for the short deflection-distances are 

Magnet 45 (both U and D) log mC = 9.00519 + 0.00171At — 0.00068(Ar) 2 

+ 0.00020(20° -t) " ' 

Magnet NL (both U and D) log mC = 8.94392 - 0.01627At + 0.00369(Ar) 2 

. , , +0 00015(20°-f) 

in which At = r — 1906.00. 

, A ,f / 5 iere 1S a f . c ? r f e c tiori to lo g mC for sea deflector 1, which, however, has been 
treated as a .part of the ship s deviations, since it depends upon the orientation of the lubber- 
lme, i. e the heading of the ship. The equation for Cruises II and III representing the 

^Interest 6 it is COrrectlon for ma S nets 45 and NL is therefore given merely as a matter 

8 log mC = —0.0002 sin f + 0.0003 cos £ — 0.0006 sin 2 £ — 0.0023 cos 2£ 
though easT C ° mpaSS readm S of th e forward lubber-line, reckoned continuously from north 

n 77 S , e ?Jf eCt ° r Theconsfente adopted on the basis of C. I. W. Standard (see 

p. 77) for the period August 1907 to May 1908, for the short deflection-distances are 

Magnet 45 log mC = 8.93126 - 0.00074Ar - 0.00107(Ar) 2 + 0.00020(20° - 1) 
Magnet 2L log mC = 8.80412 - 0.00276Ar + 0.00127 (At) 2 + 0.00017(20° - t) 

m which At = t — 1908.00. It should be noted that for sea deflector 2 each magnet had 
only one possible position relative to the apparatus when mounted. 

n , As 9 m the °ase of sea deflector 1, there is a periodic correction to log mC for sea de- 
flector 2, which again has been treated as a part of the ship’s deviations, since it depends 
upon the orientation of the lubber-line, i. e., the heading of the ship. The equation repre- 

SiSt S iJ C0IrC0tI011 f ° r magne ‘ S 45 “ d 2L is therofore 8*™" 

8 log mC = +0.0001 sin £-0.0001 cos £-0.0005 sin 2£+ 0.0007 cos 2£ 
rOTThtLough e e^t liPaSS r6ading ° f ^ f ° rWard lubber4ine rec koned continuously from 

Inclination Observations. 

• di Vfrfe -~ Spechnen observations and computations for the determination of 

^ nat 0n> 7 ’f b u th l S6a dlp ' circle > f 5 om botb the dipping-needle and the deflected-needle 
“i 0d ’ t w f 7 f ° Wn ^. PageS 50 “ 54 - Values for dip-needle corrections were deter- 
mned at Washington and the various shore stations by comparisons between the sea 
dip-circles and standardized dip-circles or earth-inductors. Since observations on board 
ship were made frequently with one polarity only, it was necessary to determine the so-called 
baiance-error arising from any eccentricity of the center of gravity of the needle. For each 
needle the correction due to that error is determined from graphs representing the quantity 

2 CL —Ib), for different inclinations. I A is the inclination observed when the end of the 




PLATE 5 


Sea Deflector, 1905“! 908 

1. Sea deflector 1, showing observations on Cruise I 3 Standardizations at Honolulu Observatory, 1907 

2, Sea deflector 2, 1907-1908. 4 Shore tests of sight lines 
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needle marked A is the north-seeking end, and I B is the corresponding inclination observed 
when the end marked 5 is the north-seeking end; inclination is reckoned as posRive when 
the north-seeking end of the needle points below the horizon. Both shore and sea data 

were utilized for the determination of the graphs for f (1 A - I B ). i n addition to the bal . 

ance error there is also the error due to the irregularity of the pivots, which will varv in 
general with the magnetic field. To show the variation of the dip-needle correctional 
with total intensity, F and inclination, 7, there was established for each needle fromldi 

gis 'Lr&te iX45,r tiod of least squares - “ ““ 

FAI = x -f z cos I + y sin 7 

The adopted values of the coefficients, x, z, and y, for each needle are given on pages 66-69. 

Total-Intensity Observations. 

& ea dip^ircle.—AS ' already stated (pp. 21-22) the Lloyd-Creak type of sea dip-circle 
was modified after Cruise I to make possible the use of Lloyd’s method to determine the 
total intensity, F, as well as the inclination, 7, in all magnetic latitudes. Complete speci- 
men observations and reductions are shown on pages 40-42, and 50-52. The value of the 
horizontal intensity, 77, is obtained by the formula 

H = F cos 7 

As the method employed is a relative one, it is essential that no change be made in 
e weight used with the loaded-dip needle, and that its position be not shifted during a 

S^nd r dSp°? 5 ,f ld °Ji the need + le , t0 ? e other; furt hermore, the magnetism of the loadfd- 
t£> ri d ? neec ? e V xc fPt for the normal Ganges with time, must remain unchanged. 

Z L r £ f0nnUl ^ fOT the t0 * tal intensity > F > are as S iven bel0 ^ ReplacingTby 

H sec 7, the corresponding expressions for H are derived. F s y 

Loaded-dip observations only, F = C t cos I' esc u 

Deflection observations only, F = C d esc U\ 

Both loaded-dip and deflection observations, F = C Vcos T esc u esc u x 
where 7 is the loaded-dip angle, u x is the single-deflection angle, u = 7 — 7', C t is the loaded- 
dip constant = -, C d is the deflected-dip constant = Km, and C is the combined con- 
stant = Vk K x . The constants C l and C d involve the magnetic moment, m, of the loaded 
ip-needle and are both, therefore, subject to change with temperature and with time. 
Ci furthermore involves the induction correction, which is a function of F (L is affected 
*0 by chafes m deflation distances caused by temperature chafes, Id by any Zf 
rF^FrF^I'T- j Tw0 d ? flectlon -dKtances, designated short (S) and long 

Snd^t ““ 86,1 di P- drcle («• P- 22). “d to toe are two indi 

pendent sets of constants. There are also two positions, designated “direct” (D) and 

reversed (R), for the deflected or suspended needle during deflection observations- 
direct position means that the face of the deflected needle is towards the face of the ver- 

wv re J 6r r d i P ° 8i !r means that the face of the ^fleeted needle is towards the 

back of the vertical circle. Thus, since the deflection observations on board ship may be for 

. one distance and m one position only, the constants to be controlled by shore observations 

ar l + C J’ CdD f ™ 8 > C .™ { or S ’? dD for L, and C dR for L. Values for these intensity con- 
stants were determined at Washington and at each shore station visited by means of 

i C nstmments betWeCn the Sea dip-circles and standardized land magnetometers and dip 
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Sea Dip-Circle Corrections. 

The adopted inclination-corrections and intensity-constants are given below for each 
sea dip-circle. All corrections, unless otherwise noted, are on the basis of C. I. W. Stand- 
ards. The inclination corrections for the dip needles apply to complete dip determina- 
tions by both polarities, and for the deflected needle to dip determinations made in both 
“direct” and “reversed” positions. For the sea observations, when the dip was observed 
with only one polarity of needle, the correction to obtain the mean value for both polarities 
is taken from the table of “half polarity-differences.” Thus (see p. 64), either 

I = Ib + \(Ia-Ib), or I = I A -\ (I A -I B ). 

All inclination values are referred to north-seeking end of needle, inclination of north-seeking 
end of needle below the horizon being reckoned positive. All values of total intensity and hori- 
zontal intensity are reckoned positive; values of the vertical intensity are given the same signs as 
the corresponding inclinations. 

Whenever a listed needle is not a part of the circle to which reference is made it is fol- 
lowed by the number of the circle to which it belongs; thus, 5 of 163 means needle No. 5 
of dip circle No. 163. The quantities A I and F in the formulae are always expressed, 
respectively, in minutes of arc and in c. G. s. units. 

Sea dip-circle SB. — Sea dip-circle 35 (Dover No. 168), loaned by the United States 
Coast and Geodetic Survey, was used for some experimental work preceding Cruise I and, 
after being reconstructed (see p. 21), for observations on board the Galilee during Cruises 
II and III (to July 1907). The dip and intensity needles for this instrument are listed in 
the inventory of instruments (see pp. 30-31). 

The adopted formulae resulting from least-square adjustments of all available data 
for corrections to observed inclinations are given in Table 10. 


TABLE 10 — Inclination Corrections for Sea Dip-Circle 85 


Number of — 

Deflec- 

tion 

Dis- 

tance 

Formula} for Inclination Corrections 

Suspended 

Needle 

Deflecting 

Needle 

For observations preceding Cruise I 

1 and 2 


* 

AZ - — 2'6 

For observations during Cruise II 

2 

i • • 

.. 

FAI - - 12'8 - 14'2 coa I +4'0smZ 

5 of 163 



FM - - 2 7 + 4 0 cos I - 2 7 sm I 

3 D 

4 of 35 1 

Short 

AZ - + 7 2 

SR 

4 of 35 1 

Short 

AZ - + 11 5 

3 D 

4 of 35' 

Long 

A7 - - 2 1 

SR 

4 of 3S 1 

Long 

A7 - - 0 3 

3 D 

8 of 163 

Short 

FAI *« -f" 35 6 — 40 7 cos I — 3 4 sm I 

SR 

8 of 163 

Short 

FAI - + 34 6 - 40 7 cos Z - 3 4 sin I 

SD 

8 of 163 

Long 

FA I - - 19+ 4 1 cos Z - 3 4 sm I 

SR 

8 of 163 

Long 

FAI — 11+ 41 cos I — 3 4 sm J 

SD 

4 of 169 1 

Short 

AZ - + 7 6 

SR 

4 of 169 1 

Short 

AZ = + 96 

SD 

4 of 169 1 

Long 

A7 - - 8 3 

SR 

4 of 169 1 

Long 

AZ - - 12 9 

For observations during Cruise III (to July 1907) 

1 



FAI = + 2'.7 - 1'4 cos I - 3'6 sin I 

2 

. 

. 

FAJ*s-f 92 — 94 cos J — 4 8 sm I 

3D 

4 

Short 

FAI = + 21 9 — 28 6 cos Z — 8 7 sm I 

SR 

4 

Short 

FAI ** -f 17 4 — 18 9 cos 7—94 sm I 

SD 

4 

Long 

FAI - + 18 4 - 22 4 cos Z - 9 2 sm I 

SR 

4 

Long 

FAI = + 8 0 - 9 7 cos Z - 3 4 sin I 


/Needles 4 of circle 35 and 169 were used for short periods only (see footnotes, Table 12). 
Available data are insufficient for showing variation of A I with F and I. 
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From Table 11, the “half polarity-differences” 
based on all available data. 
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are obtained for sea dip-circle 35, as 


Table 11 —Half Polanty-Differences for Sea Dip-Circle SS 


Inclina- 

tion 

I A ~Ib) for Needle 

Inclina- 

tion 

1 

2 C A~ I b) for Needle 

Inclina- 

tion 

A- Ib) for Needle 


For observations during Cruise II 


No 2 

No 5 of 
163 


No 2 

No 5 of 
163 


No 2 

No 6 of 
163 

o 

460 

450 

440 

430 

40 5 
—2 0 
-4 0 
—5 5 

/ 

42 0 
45 0 
47 2 

49 2 

0 

420 

410 

0 

-10 

/ 

- 6 2 

- 6 4 
-GO 

- 5 2 

/ 

410 5 

411 5 

411 0 
410 0 

0 

-20 

-30 

-40 

t 

- 4 0 

- 2 5 

- 1 0 

/ 

4 8 8 

4 6 5 

4 4 0 

For observations during Cruise III (to July 1907) 



No 1 

No 2 


No. 1 

No 2 


No 1 

No 2 

0 

480 

470 

460 

450 

440 

/ 

45 0 

45 6 

46 2 

46 9 

47 5 

r 

43 8 

42 5 

41 2 

0 0 
-1 2 

0 

430 

420 

410 

0 

-10 

f 

+ 82 
+ 90 
+ 98 
+ 10 5 
+11 2 

t 

- 2 5 

- 3 8 

- 5 0 

- 6 2 
- 7 5 

0 

-20 

-30 

-40 

r 

412 0 
412 6 

413.2 

/ 

- 8 8 
-10 0 
-11 2 


,, ^The adopted formulae resulting from least-square adjustments of all available data for 
tne logarithms of the total-intensity constants are given in Table 12. 


Table 12 — Intensity Constants for Sea Dip-Circle 86, 


Number of — 


(Suspended 

Needle 


Deflecting| 

Needle 


Deflec- 

tion 

Dis- 

tance 


No of 
Weight 

Loaded 

Needle 


Logarithms of the Intensity Constants 


4 1 
3 D 
SR 
SD 
SR 

8 of 163 
3D 
SR 
SD 
SR 

4 of 169 2 
3D 
SR 
3D 
SR 


For observations during Cruise II, At = (r — 1906.00) 


4 

4 

4 

4 

8 of 163 
8 of 163 
8 of 163 
8 of 163 

4 of 169 
4 of 169 
4 of 169 
4 of 169 


Short 

Short 

Long 

Long 

Short 

Short 

Long 

Long 

Short 

Short 

Long 

Long 


6 of 35 


(?) 


Ci 

C* 

c d 

c d 

Q 

c, 

Ca 

Cd 

Cd 

Cd 

Cl 

Cd 

Cd 

Cd • 

C* ■ 


- 9.76282 

■ 9.46576 

■ 9.46803 

* 9.31503 

- 9 31717 

* 9 67407 

■ 9 52213 

- 9 52405 

* 9 38972 

* 9 39180 

* 9 42481 

* 9 50482 

■ 9 50686 

■ 9 35502 
« 9 35720 


- 0 00010 (20° - 
4 0 00010 (20 - 
4 0 00010 (20 - 
4 0 00010 (20 - 
4- 0 00010 (20 - 
4- 0 09485 Ar - 
4 0 02476 Ar - 
4 0 02476 Ar - 

- 0 07311 Ar 4 

- 0.07311 Ar 4 
4 0 00572 Ar - 

- 0 01294 Ar 4 

- 0 01294 Ar 4 

- 0. 00778 Ar 4 
0 00778 Ar 4 


- 0 
- 0 
- 0 
- 0 
■ 0 

0 09445 (Ar) 2 - 0 00010 (20° - t) 
0 05349 (Ar) 2 4 0 00010 (20 - t) 
0 05349 (Ar) 2 4 0,00010 (20 - t) 
0 06611 (Ar) 2 4 0 00010 (20 - t) 
0 06611 (Ar) 2 4 0 00010 (20 - t) 
0 00010 (20° - t) 

0 00010 (20 - t) 

0 00010 (20 - t) 

0 00010 (20 - t) 



F 

or observations during Cruise III (to July 1907); Ar « ( T - 1908 00) 

4 

3D 

SR 

SD 

SR 

4 

4 

4 

4 

Short 

Short 

Long 

Long 

6 

Cl — 9 78394 4 0 00187 Ar - 0 01008 (Ar) 2 - 0 00010 (20° — <) 

Cd « 9 45904 - 0 01900 Ar - 0 00870 (Ar) 2 4 0 00010 (20 - 0 

Cd - 9 46124 - 0 01900 Ar - 0 00870 (Ar) 2 4 0 00010 (20 — 0 

Cd — 9 30957 — 0 00403 Ar f 0 00529 (Ar) 2 4 0 00010 (20 — 0 

°d - 9 31177 - 0 00403 Ar 4 0 00529 (Ar) 2 4 0 00010 (20 - t) 


Z 7 * was oroKen during swing observations Feb 16, 1906, the mean observed values of 

t 4 A*^ S i antS a £ op / tec ? f< ? r short Period, during which needle 4 was used with needle 3 

L/oaded-dip needle 8 of circle 163 was replaced at Yokohama Aug 23 1906 bv needlft 4. nf iro •t*,* 

(L£t°e£r statioM ’ ™ Toki ° ’ and San Die *°' teD “’ "»*** ** 
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Sea dip-circle 169 . — Sea dip-circle 169 was originally of the Lloyd-Creak pattern and 
was used throughout Cruise I as received from the maker, without modification. Deflec- 
tion observations could be made only at one distance, and even these became impossible 
for the greater part of Cruise I (see p. 19). After the modification of the instrument 
(see p. 21), it was used throughout Cruise III. The adopted formulae resulting from least- 
square adjustments of all available data for corrections to observed inclinations are given 
in Table 13. 

Table 13 — Inclination Corrections for Sea Dip-Circle 169. 


Number of — 

Deflec- 

tion 

Foimuhe for Inclination Corrections 

Suspended 

Needle 

Deflecting 

Needle 

Dis- 

tance 

For observations during Cruise I and prior to Cruise II 

1 



/ 

A P= - 1 1 

2 



AI 1 = - 3 0 

3D and B? 

4 

One only 

FAI = — 67 5 + 55' 1 cos I + 56' 5 sin I 


For observations during Cruise III 

1 



'I t 

FAI » -39+65 cos 7 + 1 2 sin 7 

2 



FAI = — 4 6 4-6 0 cos / -f 1 5 sm I 

7 D 

8 

Shoit 

FAI =+25+1 7 cos 1-23 sm I 

7 R 

8 

Short 

FAI =+10+32 cos I — 1 6 sm I 

7D 

8 

Long 

FAI = +06+14 cos I — 1 2 sm 7 

7 R 

8 

Long 

FAI — + 01+24 cos I — 0 6 sm I 


totuyadopted^TnceT^ 6 C0r f® Ct ' 0n . f ° r the two actually applied, “w^ocordinily, 0 '^Afferent fromVat 

Reflection method could not be used on Cruise I between Sent 14 and Nov 17 iqok a a j. 

preceding and following observations for which the needle 3 was used in both positions * * D d SR **** k ® n fr ° m 

During Cruise I inclinations on course were generally observed with both polarities 
of needle, and inclinations during swings were usually observed with opposite polarities 
during thetwo swings; for example, if on the port-helm swing the polarity of dip needle 
used was A, then, on the starbomd-helm swing the polarity of same needle was B. Half 
polarity-differences, when necessary, were supplied with the aid of preceding and following 
observations with both polarities; the quantities adopted for Cruise III, from graphs based 
on all available data, are given in Table 14. F 


Table 14 Half P olanty-Differences for Sea Dip-Circle 169 


Inclina- 

tion 

2 (I A -7j5)for Needle 

Inclina- 

tion 

2 & A ~Ib) for Needle 

Inclina- 

tion 

-(I A — -L&)for Needle 

No 1 

No 2 

No 1 

No 2 

No 1 

No 2 



For observations during Cruise III 


0 

4-80 

+70 

+60 

+50 

+40 

t 

+2 8 
+1 3 
-0 2 
-1 5 
-2 8 

t 

+2 0 
+0 2 
-1 0 
-2 0 
-3 0 

0 

+30 

+20 

+10 

0 

-10 

r 

-4 0 
-5 0 
—5 6 
-5 8 
-5 6 

t 

-3 7 
-4 2 
-4 6 
-4 7 
-4 5 

0 

-20 

-30 

-40 

-50 

-60 

/ 

-5 0 
-4 2 
-3 0 
-1 8 
-0 6 

r 

-4 2 
-3 7 
-3 0 
-2 1 
-1 0 
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The adopted logarithms of the total-intensity constants resulting from least-sauare 
adjustments of all available data are given in Table 15. S st-squa 

Table 15 Intensity Constants for Sea Dip-Circle 169 . 


Number of — N 0 of 

Deflection Weight in 

Suspended Deflecting ^ )lstance Loaded 
Needle Needle Needle 


Logarithms of Intensity Constants 


4 

3D and D 
4 

3D 
3 R 
3D 
3 R 


One only 

One only 
One only 
One only 
One only 


For observa tions during Cruise I 

jc = 9.50920 during Aug 2 to 23, 1905 1 

r " o S 7 n 00012 (20 °- *> from Aug 24, 190* 
a = 9 60033 + 0 00012 (20 — t) during Aug 24 to Sent 14 1905 1 

n a “ q ”1" ? 00012 ( 20 — 0 during Aug 24 to Sept 14,' I905 1 

= 9 59564 + 0 00012 (20 — t ) from Nov. 18, 1905 1 

C * “ 9 59821 + 9 00012 (20 - t) from Nov. 18, 1905 1 


For observations during Cruise III, Ar 


1908 00) 


1 n + 0 01204 Ar + 0 "566 (Ar) 2 - 0 00010 (20° - t) 

! 9 50033 — 0 00794 Ar — 0 00222 (Ar) 2 4* 0 00010 (20 *— t) 

■ 9 50129 - 0 00794 Ar - 0 00222 (Ar) 2 + 0 00010 20 I 

! Q orS “ 0 00810 Ar ~ 0 00379 ( Ar ) 2 + o 00010 (20 - t) 

■■ 9 35722 - 0 00810 Ar - 0 00379 (Ar) 2 + 0 00010 (20 — t) 


1 Values of H computed by these constants were reduced to C. I W Standard (new 77 \ i 77 7 

u ^ n otanaara (see p, 77) by applying a correction of —0 00047D7 

Sea dip-circle 189. — Sea dip-circle 189, of the improved tvoe and nrovid^d 

JSSTSS mV^TheTd^fTr <*? P - 22) { ^ “ S Cruisem 

S avShle S» adopted fonnula resulting from least-square adjustments of 

all available data for corrections to observed inclinations are given in Table 16. 

Table 16 — Inclination Correcfinna fnr Ren ion 


Number of — 

Suspended 

Deflecting 

Needle 

Needle 

5 


6 


3D 

4 

3D 

4 

3D 

4 

3D 

4 


Deflec- 

tion 

Dis- 

tance 


Formulae for Inclination Corrections 


FAI 

FAI 

Short FAI 
Short FAI 
Long FAI 
Long FAI 


— 0.7 -f- 1 6 cos I — 2 4 sin I 

— 1 1 + 2 1 cos I — 1 2 sm I 
“34+08 cos 1+19 sm I 

— 4 0+1 9 cos I + 2 9 sin I 
1 8—08 cos 2—06 sm I 

— 11—18 cos 2+02 sm 2 


- AJ.UHJ. JJUJiai. 

data, are given in Table 17. 
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The adopted formulae for the logarithms of the intensity constants, resulting from least- 
square adjustments of all available data, are given in Table 18. 


Table 18 — Intensity Constants for Sea Dip-Circle 189 . 


Number of — 

Deflec- 

tion 

Dis- 

tance 

No of 
Weight m 
Loaded 
Needle 

Logarithms of Intensity Constants, At = (r— 1908 00) 

Suspended 

Needle 

Deflecting 

Needle 

4 



11 

Ct = 9 38310 + 0 04056 At - 0 08866 (At ) 2 - 0 00018 (20° - t) 

ZD 

4 

Short 


= 9 48937 - 0 02935 At + 0 05439 (At ) 2 + 0 00018 (20° - t) 

3 R 

4 

Short 


C d = 9 49093 - 0 02935 At + 0 05439 (At ) 2 + 0 00018 (20° - t) 

ZD 

4 

Long 


C d = 9 34447 - 0 03094 At + 0 04473 (At ) 2 + 0 00018 (20° - t) 

3 R 

4 

Long 


C d = 9 34575 - 0 03094 At + 0 04473 (At ) 2 + 0 00018 (20° - t) 


Discussion of Sea Dip-Circle Corrections. 

Owing to various mechanical imperfections, unavoidable even in the best construction, 
values of inclination observed with the dip circle are subject to errors which can not be 
eliminated by multiplying observations. At any one station the correction for a particular 
needle and circle is found to be constant within the error of observation, except when deterio- 
ration of the pivot, e. g., by wear or corrosion, causes changes, frequently quite erratic, with 
time. The usual practice has been to determine the correction for each needle and circle at 
some base-station by comparisons with standardized instruments. 

For a limited range of dip it is generally found that such corrections are sufficiently 
close for magnetic-survey purposes, so long as the observed inclinations do not differ from 
the base-station value by more than 5° to 10° at the most. But when an instrument is 
used through a large range of inclination, as was the case on the Galilee, the corrections 
determined at one base-station can not be assumed to hold. The data obtained from the sea 
as well as the land work of the Department of Terrestrial Magnetism indicate that the cor- 
rections vary with inclination and total intensity, and that the variation is more pronounced 
for sea dip-circles than for land dip-circles. The variation is due probably in part to slight 
magnetic impurities in the metal of the instrument, and in part to irregularities of the pivot, 
different parts of which are brought in contact with the agates for different inclinations. 

For inclinations observed in the plane of the magnetic meridian according to the abso- 
lute method, including reversal of polarity, the outstanding error caused by slight magnetic 
impurities will arise from (a) magnetic effects due to the fixed parts of the instrument, and 
from (b) magnetic effects due to the movable parts of the circle, viz, the arm carrying the 
microscopes and verniers, or an equivalent arrangement. Because of (a), the actual hori- 
zontal component H will be changed into H + h + iH, where h is the effect caused by 
permanent magnetization and ill that caused by induction effects from whatever source. 
The first effect is likely to be negligible in view of the usual careful tests for magnetic 
material before acceptance of an instrument, and its rejection if the presence of such 
material is revealed. Therefore, the entire effect, h + iH, arising from (a), may be made 
equal to a constant proportional part of the absolute horizontal intensity, say yH. To 
consider the effect arising from ( b ), resolve it into three rectangular components, one 
along the longitudinal axis of the movable arm, that being also parallel to the longitudinal 
f X1 Ai ^ .^ e ®. > sec °nd normal to the face of the needle, and the third perpendicular 
to the i longitudinal axis of the arm and in the plane of inclination. Only the last component, 
say xF , will affect the inclination. Hence 

H' —H + AH = H + yH + xF sin I 
From similar consideration of the vertical intensity, Z, it follows that 

Z' — Z A Z = Z + zZ — xF cos I 
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By differentiation of the formula tan I = ^ 


AI = — 


AH sin I _^AZ cos I 


F ~ r F 

substituting the values of AH and AZ as above determined 

A t xF _ yH sin I , zZ cos I 

F F + F 

Whence v - z . 

AI = — x — ~-sm 21 

But if the effects arise chiefly from induction, it is quite probable that x = y = z and 
hence, AI — — x, which is the correction if the error be caused entirely by a homogenous 
magnetic induction of the various parts of the dip circle. In general, this correction must 
be small for dip circles in which the movable part is relatively small. 

Supposing there is a permanent magnetization of the instrument parts, and that we 
have h and z arising from (a) and / from (6), then similarly, 

H‘ ' = H + AH = H + h +f sin I Z' = Z + AZ = Z + 2 — / cos I 

Whence . . / h sin I , z cos I 

F 


AI 


F F 

In general the first two terms may be eliminated by reversal of microscopes, reversal of 
instrument, and by various orientations of the footscrews during observations, and only the 
last term would remain. Thus 


AI = 


z cos I 
F 


That part of the error caused by irregularity of the bearing pivot-sections of the needles 
can be expressed by some empirical function, such as 

AI = x + ysinI + 2 cosI-f. 1 
From the above considerations it follows that the general formula 

FAI = x + z cos I + y sin I 

will express the variation of the needle-correction with changes in total intensity and 
inclination. The observed values of AI for each needle and circle, obtained from compari- 
sons with standardized instruments at shore stations and at observatories during the 
Galilee work, were adjusted by the method of least squares in accordance with that formula 
1 he importance of the variation in AI with change in F and I, particularly for the sea dip- 
cireles, is shown by inspection of the values of coefficients x , y , and z given on pages 66-69. 

bince, for even the best land dip-circles, the variations in the needle-corrections are of 
an order equal to or greater than the actual error of observation, the determination of a 
standard value for inclination at any station is a difficult question. The numerous com- 
parisons made with earth mductors by the observers of the Department of Terrestrial Mag- 
netism m various regions of the globe have indicated that the correction of an earth inductor 
on standard is subject to practically no change with variation in magnetic field. For the 
preliminary adjustments of the corrections of the land circles used in standardizing shore 
observations, reliance was, therefore, placed chiefly on the values of AI obtained by compari- 
sons with earth mductors,- successive and final least-square adjustments were then made 
using all the shore data, improved by the preliminary adjustments. As will readily be 
seen, the compilations and reductions necessary for each needle and circle are long and 

laborious, particularly so when no field earth-inductor was available, as was the case for the 
brahlee work. 

x Cf. Chauvenet, W. Manual of spherical and practical astronomy, v. II (33) ~ 
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In consequence, an attempt was made to determine the coefficients x. y, and z experi- 
mentaUy at Washington, by creating an artificial magnetic field, unif orm ov^ a reZ a 
great as the needle swings through, the field being regulated and maintained at a constant 
value during the period required to make a set of inclination observations. Such expeS- 
ments were carried out by Observer P. H. Dike, who by his experience on board the Galilee 
ad become familiar with the difficulties attendant upon the observation of inclination 
with sea dip-circles. The most feasible method to produce a desired field appeared to be 
by the use of coils of wire, arranged as in the Helmholtz type of tangent galvanometer— that 
is, two equal coaxial coils set at a distance apart equal to their radius. Two such sets of 
co^ each cofi with a radius of 0.9 meter, with their axes at right angles, were uTed at each 

^ 5 ^ 2 , tl0n ^- at e f h stat , 10I J 1 0ne s f of coils was placed with the axis horizontal and in the 
magnetic meridian for controlling the horizontal component, and the other with the axis 

Table 19 —Needle Corrections for Sea Dip-Circle 169 during Cruise III 


Station 


Sitka 

Washington 

Washington 
San Francisco® 
Zikawei 

Honolulu 

Yap 

Jaluit , 

Callao 4 

Apia 

Papeete 

Christchurch 


Date 

In- 

clina- 

tion 

Total Intensity 

Regular Dip-Needles 

No 

of 

Sets 

Observed 

Computed 1 

(O 

-o 

No 1 

Ino 2 

No 1 

No 2 

No 1 

No 2 


0 

eg 8 


t 

r 

/ 

f 

/ 

/ 

1907 57 

+74 7 

589 

3 

-2 2 

-3 9 

-2 2 

-2 6 

0 0 

— 1 3 

1906 94 

+70 5 

599 

3 

-1 2 

+0 1 

-1 5 

-1 9 

+0 3 

+2 0 

1908 50 

+70 5 

599 








1908 40 

+62 1 

539 

3 

-0 2 

+3 2 

-0 4 

-0 8 

+0 2 

+4 0 

1907 38 

+45 6 

472 

4 

+0 1 

-3 2 

+1 7 

+1 4 

-1 6 

-4 6 

1907 66 

+40 0 

381 

4 

+2 3 

-2 6 

+2 9 

+2 5 

-0 6 

—5 1 

1907 29 

+ 62 

370 

3 

+6 2 

+4 9 

+4 6 

+4 1 

+1 6 

+0 8 

1907 81 

+ 6 1 

346 

3 

+4 4 

+5 1 

+4 9 

+4 4 

-0 5 

+0 7 

1908 20 

-34 

300 

4 

+5 5 

-0 3 

+5 6 

+4 3 

-0 1 

—4 6 

1907 18 

-29 3 

409 

5 

-2 3 

-1 3 

+0 7 

-0 3 

-3 0 

— 1 o 

1907 11 

-29 4 

390 

6 

-1 0 

+2 6 

+0 8 

-0 4 

-1 8 

+3 0 

1907 99 

-67 8 

598 

4 

-2 9 

-7 0 

-5 0 

-6 3 

+2.1 

-0 7 


Mean Needle No. 7, direct and reversed, 
deflected by Needle No 8 


No 

of 

[Sets 


Observed 


Short 

Dist 


+ 5 
+ 12 

+ 35 
+ 59 
- 5 


+ 9 
+13 
- 1 

(*) 
+19 
+22 
- 4 


Long 

Dist 


Computed 1 


Short 

Dist. 


+ 49+1 
+ 20+13 


+0 3 
0 8 

0 3 

+1 2 
+5 9 
+7 0| 
+6 21 
+7 7 
+9 9 

1 1 


+ 13 
+ 22 
+ 44 

+ 6 
+10 0 
+11 3 
( 6 ) 

+11 6 
+ 12 2 
+ 74 


(O -C) 


Long Short 
Dist Dist 


0 0 
+0 2 

+0 2 
+0 8 
+2 2 

+3 2 
+5 9| 
+6 2 
+7 5| 
+6 0 
+6 3 
+3 1 


+ 46 
- 0 1 

+ 22 
+ 37 
9 7 


+ 3 
+ 2 
— 13 
(*) 
+ 7 
+10 
12 


Long 

Dist 


+4 9 
+1 81 


+0 
-1 
2 5 


—2 

0 

+0 8 
-1 
+1 
+3 6 
-4 


Station Instruments 2 


Observatory inductor 
Referred to Chelten- 
ham inductor 
C. I. W inductor 48 
C I W. circle 178 
Zikawei circle 33 and 
C I W circle 178 
Observatory inductor 
C I W circle 178 
C I W. circle 178 
C. I W circle 178 
Observatory inductor 
C I W circle 178 
Observatory circle and 
C I. W circle 178 


Sr 8 ^ th \ Q tat T lnstrument were y a ll reduced to C°Tw adjustments, those formulae are given on page 68 

mmwmm 

data for the correctioJbyttadfw critSlwlir^™' 1143 “ Tl [Possible to secure some 

COm f U u ted d8ta ,OT the 

■WlMar.H. »««a» rf r „. Mvh v - lm (m _ lm 
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the i c ° efficients . of the might now be somewhat improved the 

additional abor involved m carrying out the work necessary for the shght reSns which 

would result is hardly warranted. As stated on page 96 values for incline*;™ L - 5 
from the deflected-needle observations of the total-intensity work are given less weighUhan 
those from the regular dip-needles. It is interesting to note from Tnhlo in +, ? . n 

tion^h 111 ^ f fl r ^ clinations obt ained from short-distance deflections as the criticaTcondf 
t on when deflections fail is approached. To facilitate the computations ^aX^ere con 
structed for the values of FAI, computed from the adopted formula*, 'specimen vranhs 
for sea dip-circle 169 are shown in Figure 2 values of F/\T cmri • r m f. n 

indicated by ordinates and abscissae respectively; the dash-dot line and the° line oTdeT^ 
only, signify, respectively, needle direct and reversed. * ° f dashes 
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Pig. 2. Curves showing Dip-Needle Corrections for Sea Dip-Circle 169 during Cruise III. 

nrwi We + 2 ° ?! VeS a condensed summary of the observed and computed data for the 
puted from the adopted formula. Figure 3 shows specimen graphs for sea dip-X T<S. 
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Ocean Magnetic Observations, 1905-16 


Table 20 — Intensity Constants for Sea Dip-Circle 169 during Cruise III 


[After instrument was modified.] 


Station 

Date 

Logarithms of Intensity Constants for Needles 7 and 8 1 

Logarithm Differences (Observed 
minus Computed) 

Observed Values at Mean 
Observed Temperature, t 

Computed Values by 
Adopted Formulae 2 at t 

t 

Ci 

c dDRS Z 

CaDRL 3 

Cl 

CaDRS 

C d DRL 

Cl 

CaDRS 

CdDRL 

Washington 

Papeete 

Apia 

Yap 

Zikawei 

Sitka 

Honolulu 

Jaluit 

Christchurch 

Callao 

San Francisco 
Washington 

1906 94 

1907 11 
1907 18 
1907 29 
1907 37 
1907 56 
1907 67 

1907 81 

1908 00 
1908 20 
1908 40 
1908 49 

°C. 

6 9 
32 8 

30 9 
32 3 
24 1 

19 0 

31 8 
30 6 

20 2 
27 3 
22 7 
34 2 

9 66359 
9 66582 
9 66575 
9 66652 
9 66602 
9 66649 
9 66917 
9 66923 

9 67122 

9 67516 
9 67722 

9 67890 

9 50716 
9 50574 
9 50482 
9 50455 

9 50568 
9 50090 

9 50178 

9 50360 

9 50001 
( 4 ) 

9 49618 

9 49571 

9 36249 
9 36012 
9 35901 

9 35949 

9 36238 

9 35445 

9 35946 

9 35893 

9 35605 

9 35516 

9 35341 

9 34938 

9 66322 
9 66600 
9 66601 

9 66650 

9 66604 

9 66668 
9 66880 

9 66998 

9 67100 

9 67435 

9 67696 

9 67961 

9 50S02 
9 50487 
9 50472 

9 50408 

9 50450 

9 50395 

9 50201 

9 50120 

9 50080 
( 4 ) 

9 49700 

9 49496 

9 36239 

9 35967 

9 35983 

9 35941 

9 36001 

9 35975 

9 35787 

9 35716 

9 35679 

9 35430 

9 35268 

9 35048 

+0 00037 
-0 00018 
-0 00026 
+0 00002 
-0 00002 
-0 00019 
+0 00037 
-0 00075 
+0 00022 
4-0 00081 
4-0 00026 
-0 00071 

-0 00086 
+0 00087 
+0 00010 
+0 00047 
+0 00118 
-0 00306 
-0 00023 
+0 00240 
-0 00079 
( 4 ) 

-0 00082 
+0 00075 

4-0 00010 
4-0 00045 
“0 00082 
4-0 00008 
4-0 00237 
-0 00530 
4-0 00159 
4-0 00177 
-0 00074 
4-0 00086 
4-0 00073 
-0 00110 


1 Needle 8 was loaded with weight 31 

2 See Table 15, page 69, for the formulae adopted from least-square adjustments 

3 The mean observed values of (log C a log C^r) from the data for all the stations were —0.00084 and —0 00096 
for the short and long distances respectively. 

Reflection observations failed for the short distance at this station, San Lorenzo Island, near Callao 
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CONSTANTS AND CORRECTIONS FOR LAND INSTRUMENTS. 

Descriptions of Magnetometers and Dip Circles. 

The reduction fomiulae and methods of determining constants for the land instra- 

dWi™ ySlToS 6 Galtk X s}l0Te ' vr0Tk ^ Tid ? n the standardization of the ocean instruments 
during 1905 1908, were the same as those in Volume I (pp. 22-41). 

,, The types of magnetometers used are described and illustrated in Volume I (W 2-71 • 

in Table2I reSpectmg them and the ad °pted constants for the period 1905-1908 are "shown 

Magnetometer 1 was manufactured by Fauth and Company, hut, before assignment to 
exte f ^ ^overhauled and altered by the Department of Terrestrial 
agnetism the magnets are hollow steel bars with cross-section of octagonal periphery 
on the outside and circular on the inside, the long magnet being 7.2 cm. long, 0.7 cm. inside 
diameter and 1.2 cm. outside diameter, and the short magnet being 6.0 cm. long 0 7 cm 

wthe^Sisch and \ 2 C1 K o Magnetometers 3 and 4 were manufactured 
Sinw B ? a h f j0inb 0ptlcal Company of Rochester, New York; the magnets are 
SdU lmde f’ the 1°^ magnets being 7.5 cm. long, 0.75 cm. inside diameter and 1.00 cm. 

! Z l magnetS being 3 ‘ 5 cm - lon *’ °- 61 cm - “side diameter and 
and fVndT^ ld « diameter ‘ Magnetometers 30 and 36, loaned by the United States Coast 
and Geodetic Survey, were manufactured by T. S. Cooke and Sons of London, England- 
the magnets are hollow cylinders, the long magnets being 9.27 cm. long, 0.76 cm. Inside 
diameter and 1.02 cm. outside diameter, and the short magnets being 4.33 cm. long, 0 62 
ZreTsed 6 forSl ^ a . nd °- 8 3 cm. outside diameter. Phosphor-bronze-ribbon suspensions 
of sdk fibeJ 1 ^ Ulstruments except for magnetometer 1, in which the suspension was 


Table 21. Details and Constants of Magnetometers Used , 1905-1908, 


[The c g s system of units is used throughout this table, the value of q is given for 1° C 


No 

Type 

Diameter 
Horizon- 
tal Circle 

Moments of Long 
Magnets at 20°C 

Distribution 

Coefficients 

Induc- 
tion Co- 
efficient 
h 

Tempera- 
ture Co- 
efficient 
« 

Scale 
Value for 
Declina- 
tion 

Deflection Distances 
Used 

Inertia 

Magnetic 

P 

Q 

1 

3 2 

4 

3a 

36 

1 <c) 
1(a) 
1(a) 
2(6) 
2(6) 

cm 

11 0 

12 5 

12 5 

13 

13 

208 

166 

166 

255 

248 

174 

673 

630 

882 

648 

- 1 90 1 
+ 10 71 
+ 14 87 
+ 10 78 
+ 18 94 

+1000 
- 881 
-1346 
+ 511 

0 0516 

0 0088 

0 0116 

0 0086 

0 0092 

0 00066 

0 00041 

0 00035 

0 00040 

0 00041 

t 

2 28 

1 49 

1 49 

1 37 

1 38 

cm 

30, 40 

25, 27 5, 30, 35, 40 

25, 27 5, 30, 35, 40 

22 5, 26 2, 30, 40 

30, 40 


2 a? 1S value of P 18 tlie value of P\ assuming that (1 + P'r" 2 ) = (1 + Pr~ 2 4* Qr~*) 
Magnetometer 3 is the standard magnetometer of the Department of Terrestrial Magnetism. 


The dip circles used to determine the inclination at shore stations were of the patterns 
which are fully described and illustrated in Volume I (pp. 7-10), viz, (a) the regular Kew 
land-pattern as made with slight variations by Dover and Casella, and (5) the Lloyd- 
Ureak ship-pattern, as originally designed by Captain Ettrick W. Creak and made by 
Dover and the modified type of (5), designated in the present volume as “sea dip-circle” 
tsee p. 21). To determine the magnetic declination at shore stations, a compass attachment, 
fully described and illustrated in Volume I (p. 9), was provided for each land and sea dip- 
circle. (bee also the present volume, pp. 20, 22, and Plate 4, Fig. 1.) 

* a Was 110 eartb ind uctor in the instrument equipment of the Galilee. Earth 

inductor 48, constructed by Schulze, fully described and illustrated in Volume I (pp. 10-1 1) 

^05 1908 ndard mclination_instrument of tte Department of Terrestrial Magnetism during 
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Ocean Magnetic Observations, 1905-16 


Magnetometer Corrections. 

The corrections of each magnetometer on the adopted standard (see p. 77) were deter- 
mined at Washington, before and after use of the instrument in the field, and also, whenever 
possible, in the field by means of comparisons with other magnetometers. The accuracy of 
the mean corrections for the land instruments is usually about 0 ( 2 in declination and about 
0 .000117 in horizontal intensity. The tabulated corrections are to be applied algebraically, 
east declination being reckoned as positive and west declination as negative; horizontal 
intensity is always taken as positive. 


Table 22. — Magnetometer Corrections on Adopted C. I W Standards for the Period 1905-1908. 


No of 
Magnet- 
ometer 

Correction to Observed 

Remarks 

Declina- 

tion 

Horizontal 

Intensity 

1 

t 

-2 1 

+0 0010# 

Pnor to accident of Feb. 7, 1907 

1 

0 0 

-0 000617 

After accident of Feb 7, 1907, using, however, the old constants 

3 

0 0 

+0 00015# 

Standard magnetometer 

4 

+0 7 

+0 00024# 

To June 30, 1908 

4 

+0 5 

+0 00020# 

Aug. 1908 to Mar 1910, after replacement of lost deflection-bar 

30 

+0 2 

-0 00048# 


36 

-0 6 

+0 00113# 

Through 1906 


Land Dip-Circle Corrections. 

In the regular inclination observations at shore stations the polarity of the needles is 
invariably reversed, and, hence, the so-called balance-error caused by any eccentricity of the 
center of gravity of the needle is eliminated. There remains, however, the error caused by 
any irregularity of the figure of the pivot, and this will vary, in general, with the magnetic 
field. ^ The correction-data from all comparisons at Washington, in the field, and at obser- 
vatories are utilized to determine for each needle a formula expressing the variation of the 
correction, A7, with total intensity, F, and inclination, 7, of the following form (see Volume I, 
p. 45; Volume II, p. 17, and the present Volume, pp. 71-72) 

FA 7 = x + z cos 7 + y sin 7 

When only a few reliable comparisons are available, or when there has been rapid 
deterioration of the needle-pivot, caused, e. g. } by slight rusting, or when the circle is used in 
a limited region, mean values of A I are adopted for all values of F and 7. 

The adopted dip-corrections for the land instruments are given separately for each 
instrument; they are applied algebraically, regarding inclination below the horizon of the 
north-seeking end of the needle as positive, and vice versa . For shore values obtained with 
sea dip-circles, the corrections given in Tables 10, 13, 16, on pages 66, 68, 69, were applied. 
The declination corrections adopted for the dip-circle compass-attachments follow the 
inclination corrections; the declination corrections adopted for the compass-attachments of 
the sea dip-circles are given on page 77. 

Land dip-circle 171 . — Circle 171, manufactured by Dover, was used during Cruises I, 
II (to May 1906), and III (from March to May 1907) . The adopted inclination-corrections 
for the mean observed values by needle 1 and 2 for all values of 7 between 60° N and 60° S is 
0 . 0, and for all values of I between 60° N and 80° N is + 0 f . 5 ; the adopted correction for the 
mean of observed values by needle 5 and 6 of 172 for all values of 7 is + I'.O. 

The adopted correction for observed declinations by the compass attachment is + 2 i 5. 
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II andfm^T S ^7^?^ I 78 ’ manufectur ed by Dover, was used during Cruises 
11 and III. The adopted mchnation-corrections are given by the formulae 


Needle 1 FAI = 

Needle 2 FAI = 

Needle 5 FAI = 

Needle 6 FAI = 


— 1 '.8 + 3( 1 cos I — 0(2 sin 7 

— 1.7 + 2.3 cos 7 + 0.7 sin 7 

— 3 0 + 3.4 cos 7 

— 1 4 + 0.9 cos 7 


The cojrectxon adopted for observed declinations by the compass attachment is +1'2 
a M !fc d dip ~™ cl ° 4655 — Circle 4655, manufactured by Casella and loaned by the TMted 
States Coast and Geodetic Survey, was used at one station only. The adopted inclination- 
correction for the mean of observed values by needles 3 and 4 is 0 ' 0 

Sea dip-circles , 35,169, and 189 .- The adopted inclination-corrections for the sea 
and shore work during Cruises I, II, and III are given on pages 66, 68, and 69. 

The corrections adopted for observed decimations by the compass attachments are: 


For circle 35 
For circle 169 


For circle 189 


+7-5 when mark readings are made with peep sights, and -9' 2 
when mark readings are made with telescope- 
—2^5 for observations in 1905; -2' when mark readings are 
made with peep sights, and +3' when mark readings are made 
with telescope, for observations subsequent to 1905; 

+8.5 when mark readings are made with peep sights! 


MAGNETIC STANDARDS ADOPTED. 

• t i 1 ffi e m epa ? DQ f nt S ext . ensi 7 e mtercomparisons of magnetic instruments at Washington 
m the field, and at magnetic observatories in all parts of the Earth, have made it possible 
J i < \ refer , da * a to International Magnetic Standards ” within an error, in general on the 
order of the observational error (see Volume II, pp. 211-278). Since the adopted constants 

(seePD S 105-l 1 mTh 1 * 8 dependupon ^ standardized data at shore stations, 

p ?‘ . results derived from the magnetic observations on board the Galilee 

standards!" are on the basis of adored ma^eS 

, . magnetic standards adopted for reduction to a common basis of the results con- 

rff “?■ L ^ T Standards ” as definedln VolumeTl 
^P- ' an V- (p - IT- These are: In declination, C. I. W. magnetometer 3 without cor- 
rection, in horizontal intensity, C. I. W. magnetometer 3 with a correction of +0 00015# 

fOT^m^netometer^^Table'^ ^ ^tonsity, H, computed by the constants given 
tor magnetometer 3 m Table 21; m mchnation, earth inductor 48 with a correction of 

betwfen P the e “C Vw^n^ T - ° f A detailed Hussion of the relations 

hi VolumeH ton' 27^27^ ^ ^ 5 ternationa l Magnetic Standards” is given 

national Magnetic ^SUmdardsf “ W refarM » ^ » **«'- 



SHIP CONSTANTS AND DEVIATION-COEFFICIENTS. 


FUNDAMENTAL EQUATIONS. 

Let the Earth’s magnetic force, acting on a magnetic needle at a given position on 
board ship, be resolved into three rectangular components, two of which are horizontal 
and one is vertical, viz : X, in the direction of the fore-and-aft line towards the ship’s head 
Y, towards the starboard side, and Z, towards the keel; X and Y are the two horizontal 
components, and Z is the vertical component. Furthermore, let X', Y', and Z' represent 
the same components resulting from the combined action of the Earth’s magnetic field 
and that of the ship. Then the well-known, fundamental equations in the mathematical 
theory of ship deviations, first given by Poisson in 1824, are 


X' = X + aX + bY + cZ + P 
Y' =Y + dX + eY + fZ + Q 
Z' = Z -f- gX -{- hY -f - kZ -J- R 


( 1 ) 

( 2 ) 

( 3 ) 


The parameters a, b, c, d, e, f, g, h, k depend on the amount, arrangement, and induc- 
tive capacity of the soft iron of the ship. P, Q, R are parameters depending on the amount 
arrangement, and permanent or subpermanent magnetism of the hard iron of the ship ’ 
The above formulae assume that the ship’s magnetic field results partly from ’the 
permanent magnetism of hard iron and steel and partly from the transient, induced magnet- 
ism of soft iron, the latter supposed to be directly proportional to the intensity of the 
inducing force. It is, furthermore, assumed that the length of the magnetic needle is 
infinitesimally small m comparison with the distance to the nearest iron aboard the shin 
These assumptions may be regarded as amply fulfilled on the Galilee, in view of the small- 
ness of the parameters for this vessel. If the vessel is not on even keel, corrective terms 

enter, which for the Galilee under the usual observing conditions could be regarded as 
negligible. 


Deviation Formula. 


. ..^®* the so-called deviation-coefficients for the magnetic elements, declination 
inclination (7), horizontal intensity (77), and vertical intensity (Z), be 


(D), 


For D: A d) B d , C t , D d , E t 
For 7: A t , B { , C t , D t , E t 
For 77: A h , B h> C h , D„, E h 
For Z: A,,B.,C, 


Then the deviation formulae for 7), 7, 77, and Z, after 
proximations, may be written as follows: 1 


various transformations and 


ap- 


D' -D = 8D = At + B* sin f + C 4 cos £ + D d sin 2{ + E a cos (4) 

7 — 7 = 57 = A t + B t cos f + C, sin f -f D, cos 2f + E t sin 2f (5) 

H' -H = SH = A h +B h cos f + C h sin f + D„ cos 2£ + E h sin 2f (6) 

Z' ~ Y =SZ — A t + B, cos f -f- C t sin f 


pass, LoIdon?m r 2 m pp y TT U Manual for the Deviations of the Com 

su wissenschaftlicheifBeobach'tungeif auf Reisen ^E C ^vfascarf a T P of Neumayer’s Anleitung 

Pans, 1900 B sen ’ nannover, 19Uo, lb Mascart, Traits de Magnetisme Terrestre, pp 402-436, 
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Ship Deviation-Coefficients 


i . ^ ’/’H > Z are, respectively, the observed ship values of the dec lina tion, inclination 
honzontai intensity, and vertical intensity; D, 7, F, Z are the true, or undisturbed, values— 
those which would be observed if the ship were wholly non-magnetic. 

Ihe deviation-correction is the quantity to be applied to the magnetic element ob- 

cSuon • ^ S 'IT- w'etc UIldiStUrbed value ' K 18 <***“■> ^ the 

nortrtSouXetst. aZlmUth ° f ^ head ’ measured conti ™ously from the magnetic 
X = H '/ H > M = Z'/Z, and let the so-called “exact deviation-coefficients” be indi- 
and the y de-S“k-c«ffic1eJts ^ef C ' ; ‘ hen * he relati0 ” S betwe “ fte parametos 


For Declination 

\ = 1 _|_ i'( a _j_ 

Bg = sin it, = tan I + 

C^-amC,= ^ (f tam/ + fi) 

For Inclination 

A\ = sin At = f (\-m) sin 27=|(x~ k-1 - |)sin 27 

B\ = sin B t = \ (XB' a -g cot 7) sin 2 7 = \ ( c -g) - I ( c + ? ) cos 27+ l|sin 27 

C * = sin C< = f (A cot 7 — X C") sin 27 = ± (X -/) + 1 (X+/) cos 27 - f | sin 27 

Z>; = sin D< = + ~\D d sin 27= | (^) sin 27 

^ = sin F, = - \\E’ d sin 27= - \ (£±&) s in 27 

For Horizontal Intensity 
Ah — (o+e) =F (X— 1) 

Bh=cH tan 7+P= XF • 5' = XF- sin 5,, 

Ch = —fH tan I—Q = - XF • C' = -XF-sin C, 

D h = ~{a-e)= XH-D' t = XF- sin F, 

F» = - f (d + 6) = -XH-E' = -XF sin F d 


( 8 ) 

( 9 ) 

( 10 ) 

( 11 ) 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

( 20 ) 
( 21 ) 
( 22 ) 
(23) 



80 


Ocean Magnetic Obsekvations, 1905-16 


For Vertical Intensity 

A t — kZ -\- R — Z (p — 1) 

B t = gZ cot I 
C, = —hZ cot I 

P = k + 1 + | 

From the usual observations at the positions (see Fig. 1, p. 27, and Plate 2, Fig. 1) of 
the various instruments on the Galilee’s observing-bridge, we may derive combinations of 
the quantities above mentioned. Thus 


(24) 

(26) 

(26) 

(27) 


For Standard-Compass Position 

1 fa — e\ b c d f P 
a V 2 y x’ X’ 


(Declination) 



For Sea-Deflector Position ( Declination and Horizontal Intensity) 
X, a, b, c, d, e, f, P, and Q 

For Sea-Dip-Circle Position ( Inclination and Total Intensity) 
X, ct, c, 6, fy Qy hy ky Py Q, and R 


DEVIATION-COEFFICIENTS FOR CRUISES I, II, AND III. 

Forms 23, 23a, pages 36 and 39, give, respectively, specimens of derivation of deviation- 
coefficients for declination and horizontal intensity. Those for inclination are derived 
in a similar manner (see pp. 43-45) . The values of the coefficients, resulting from the vari- 
ous swings and for the three magnetic elements, D, I, H, are given separately for each 
cruise m Tables 23-28, pages 81—85. The column-headings and explanatory remarks will 
make clear the entries and conditions under which the quantities were derived. The same 
general designations for instruments, as given on pages 28-32 and 94 have been used in 
these tabies. For interpretation of symbols appearing in columns of “Remarks,” see page 
95. The columns, Headings,” give the number of headings on port swing (p) and the 
number on the starboard swing (s). 

• i^ 6 P^ 0 ^ >a ^l e ' error c °lnmns give the probable errors of an observed deviation on a 

angle heading; they have been computed as shown in Forms 23 and 23a, pages 36 and 39. 
_ , e , lnt S use( ? ^ or deviation-coefficients and probable errors, which appear in 
tables 24, 26, and 28, is the fourth decimal c. g. s. In these same tables, the letters S, L, 

T P ?TI ^columns “Dip Circle” and “Deflector (DefTr) ,” stand, respectively, for 
short denectmg-distance and for long deflecting-distance. 

On the various cruises, the Galilee was swung about every fifth or sixth day, the average 
distance between swing-stations being somewhat over 600 miles. An inspection of the 
quan i les m the probable-error columns shows a steady improvement in accuracy of 
observation for all the magnetic elements as the work advanced and the various diffi- 
culties caused by ship conditions and imperfection of sea instruments were more or less 
success u y overcome. Only occasionally did the probable error reach a magnitude, 
because of conditions encountered, such as to warrant either total rejection of the results 

thenext^piagraph^ 8 diminished wei S ht in final adjustments, explained in 



Cruise I, August to December 1905 . 

Table 23 -Decimation and Inclination DmatomrCoeffiaent* and Details regard^ Swings of the Galilee, 1905 

Approximate Mag- T " ~ j] ~ — 

^ong ^ netic Elements Decimation || 


1 San Fran- 

cisco 1 

2 At sea 

3 At sea 

4 San Diego 2 

5 San Diego* 

6 At sea 

7 At sea 4 

8 Near Hono- 

lulu* 

9 Off Fanning 

I 

10 At sea 

11 At sea 

12 Near Hono- 

lulu* 

13 Near Hono- 

lulu* 

14 At sea 

15 At sea 

16 At sea 

17 At sea® 

18 At sea* 

19 San Diego* 

20 San Diego 7 


Long 

Lat East Date 
of Gr 


I 33 1 N 242 0 Aug 10 +14 4 
32 5 N 242 6 Aug 11 


Inclination 


E. PE 


Head- Com- 
ings pass 


Obs’r Aj 


+57 9 277 


25 5 N 216 0 Sep 11 +12 3 +45 5 292 
23 8 N 210 9 Sep 13 +11 4 +43 6 293 
21 3 N 202 0 Sep 28 +10 0 +39 5 291 

3 9 N 200 6 Oct 14 + 79 +10 6 339 

1 6 S 197 4 Oct 17 + 7 9 — 1 8 352 
19 6 N 191 1 Oct 28 +10 6 +35 7 295 
21 2 N 202 0 Nov 12 +10 0 +39 5 293 

21 2 N 202 0 Nov 12 + 9 9 +39 6 291 


23 5 N 201 
28 2 N 196 
40 6 N 209 
34 8 N 234 
33 5 N 237 

32 7 N 242 
32 7 N 242 


2 Nov 13 

5 Nov 17 
2 Nov 24 

6 Dec 4 
6 Dec 6 

8 D “ ill 
- 121 


+10 9 +42 2 286 
+11 7 +46 0 276 
+17 2 +59 8 242 
+16 3 +58 8 267 
+15 1 +58 2 272 

+14 6 +58 2 277 
+14 6 +58 2 277 


+ 05 - 16 + 21 - 03 ± 05 8 8 R1A JHE 


1 « jxxjx row 

+ 24 -.10 + 06 +08 ±45 6 3 R1A JFP 


+ 36 - 38 - 06 - 22 ± 10 8 8 R1A JFP 

+ 14 + 04 - 06 - 13 ± 16 7 7 R1A JFP 

+ 10 + 16 - 25 + 12 ± 10 6 6 R1A JFP 

+ 24 - 05 + 02 - 07 * 06 7 7 B1A JFP 

+ 26 - 35 + 19 - 12 ± 05 7 7 R1A JFP 

+ 24 +06 +22 +12 ± 11 6 6 R1A JFP 

+ 14 - 10 00 +11 ± 09 6 7 R1A JFP 

+ 19 + 13 + 22 + 06 ± 04 6 6 R1A JFP 

+ 10 + 02 + 14 - 10 ± 04 6 6 R1A JFP 

+ 25 +03 +06 — 24 ±09 6 6 R1A JFP 


- 09 + 18 + 06 + 10 — 06 ± 04 8 7 R1A JFP 


+ 40 + 10 


♦Local disturbance 


D, E P.E Head - Dip 
1 1 mgs Circle 

Obs’r 

0 0 


>9 +.09 + 03 ± 07 0 16 169 3 4 

LAB 

5 - 09 + 14 ± 08 0 7 169 84 

JPA 

3 - 13 + 06 ± 02 0 *8 169 3^ 

JPA 

4 + 03 — 03 ± 04 8 *0 169 34 

JPA 

5 - 27 -.32 * 37 0 7 169 34 

JPA 

0 + 03 + 07 ± 12 0 8 169 12 

JHE 

9 - 09 + 21 ± 12 8 0 169 12 

JHE 

3 + 01 - 08 ± 04 7 0 169 12 

JHE 

2 - 01 - 18 ± 12 0 7 169 12 

JHE 

t - 16 - 11 * 04 0 7 169 1 

JHE 

t - 10 - 08 ± 06 7 0 169 1 

JHE 

. - 10 - 03 ± 18 0 6 169 1 

JPA 

! 00 -.19 * 09 6 0 169 1 

JHE 

i - 16 - 19 * 13 0 0 169 34 

JHE 

+ 03 - 13 ±.16 0 6 169 34 

JHE 

- 14 - 18 ± 09 6 0 169 34 

JPA 

- 02 - 04 ± 02 0 8 169 34 

1 

JPA 


mental only the mean results of the 3dfys are given W m&de ° n 16 e< * mdl3tant headings, with both helms, as the methods of observation were more or less oxperi- 
j Before the swing on August 23 at San Diego, made between land statirmn T ortri ttt v , 

yard* off the stern ttd 8tatIona 1 and nI > iro11 bolts m foremast were replaced by brass ones Swung at anchor, tug about 40 

After additional alterations of vessel were made (see p 131) andmfifnrniMtowamenoe. , K 

f «£. »d J. J m a ""~” i “ r »> a™. - — . a, .„«« «, 

Table 24 —Horizontal-Intensity Dewafoo W -Coeitcienf s » and Details regarding Swings of the Galilee, 1905 


D C Deflections 


jgjoQ Station 



K' 

PE 

-14 

- 6 

±10 

+14 

-18 

±13 

+18 

-10 

± 5 

+ 2 

+ 1 

± 4 

+32 

+ 2 

±28 


D C Loaded Dips Method 

~ 1 T-7 — ; 7-T Obs’r 

B a C h K E h Clr ° le DeflLd 


10 

46 GI 



11 

70 GI 

1 No deflection observa- 1 

12 

87 G I* 

] tions possible, see p 68 | 

13 

88 G I* 



14 

90 GI 



15 

93 GI 



16 

98 GI 


-6+50 

+ll[+14 ± 6 

17 

100 G I 


-26+ 1 

- 6 +13 ±12 

18 

102 GI 


-33 - 6 

+15 +20 ± 8 

19 

104 GI • 

-14 

-12 + 30 

+ 6 + 2 ± 2 

20 

104 GI 





J Combined with the de- 1 
| flection observations [ 169 54 1 7s 
l J 169 54 1 8s 

+3j + 2 + 30] — 8 + 5 ± 4 169 34 f 8p 
+12 + 86 +25 +22 ±27 169 S4\ 7s 

+12 - 24 - 1 —15 ±11169 4 
-12 - 2 +13 +14 ±31 169 4 
*+202- 622+682+14 169 4 

2-832- 17 2 + 22 2+12 169 4 

-33 + 24 + 6 + 6 ± 5 169 4 
-69 + 68 +18 -10 ± 8169 4 
+ 2+79 +14 — 4 ±22169 4 
-28 + 35 + 3 +22 ±10169 4 
-56 + 80 +18 +30 ±15 169 S4\ 6p 
-39 + 8 0 +18 ±27 169 54 f 6s 
-68 - 14 +16 +38 ±18 169 Stf 6p 
-11 + 2 + 74 - 2 + 5 ± 2 169 34f 8s 


169 34 1 16s 16p LAB +4 +23 +20 -24 -11 ±26 D1 45 


8p JPA 
8p JPA 
8s JPA 
7p JPA 

7p JHE 
8s JHE 
4s JHE 
4p JHE 
7p JHE 
7s JHE 
6p JPA 
6s JHE 
6s JHE 
6p JHE 
6s JPA 
8p JPA 


+33+8+8 
+3 +28 + 4 —10 
+8 +43 +18 -10 
+44 +24 - 4 
+26 +10 -17 
+6 +29 -2+4 
0+17+3-3 
+8+8-9 
+30-7-5 
+30+6-2 
+27 + 4 -16 
+37 -4+5 
+28 +10 0 
+34+2-8 
' +28 +1—14 
+50 0 - 7 - 

+10 +55 + 2-12 


S +12 ±10 D1 
) - 2 ± 5 D1 
) - 5 ±10 D1 
t + 4 ± 7 D1 
r + 7± 4D1- 
: -11 ± 7 D1 • 
-12 ± 6 D1 < 
+ 5 ±12 D1 < 

- 5 ± 5 D1 i 

- 3 ± 1 DU 
-2±4DH 
[- 3 ±10 D1 4 

- 1 ±14 D1 4 
-10 ±5DH 

- 9 ± 8 D1 4 

- 3 ± 5 D1 4 
0 ± 6 D1 4 


u l h ten f lty deviation-coefficients and probable errors are < 

Mfo^ r ^tte g pt ^ 13 *° 


Obs’r 

Head- 

ings 

Swing 

by 


V 

* 


JPA 

16 

16 

Tug 

Sail 

JHE 

6 

7 

Sail 

JHE 

8 

8 

Tug 

JHE 

8 

8 

Tug 

JHE 

7 

7 

Sail 

JPA 

7 

7 

Sail 

JPA 

7 

8 

Tug 

JPA 

8 

8 

Buoy 

JPA 

7 

7 

Sail 

JPA 

6 

6 

Sail 

JPA 

7 

7 

Sail 

JPA 

7 

7 

Sail 

JHE 

6 

6 

Sail 

JPA 

6 

6 

Sail 

JPA 

6 

6 

Sail 

JPA 

6 

6 

Sail 

JHE 

6 

6 

Sail 

JHE 

8 

8 

Tug 




Tug 




I 0 S bo 
0 M bo 
0 S bo 
0 8 bo 
0 S 0 

36 G b 
16 M bo 
C b 
G bo 
L bo 
(*) M b 
0 S b 
0 SC b 
17< R bo 
15 S b 

II S b 

6 S bo 

7 S b 
0 S b 
0 S b 


*xr — 1 *viui»u UOOimaJ 

• Vessel rolling considerably 
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Cruise II, February to October 1906 

Table 25 Decimation and Inclination Deviation-Coefficients and Details regarding Swings of the Galilee, 1906 . 


Place 

Lat 

Lung 


Approximate Mag- 
netic Elements 

Declination 



of Gr 


D 

I 

H 

A a 





P E 

Head- 

ings 

Com- 

pass 

Meth- 

od 

Obs'r 


0 

O 

1906 

0 

o 

eg i 

O 

0 

0 

o 

o 

0 

P 




— 


San Diego 

32 7 N 

242 8 

Feb 14 

+14 6 

+581 

277 

-07 

- 18 

-06 

+ 14 

- 01 

± 03 

0 

5 

RIB 

P 

A 

WJP 

a San Diego 

32 7 N 

242 8 

Feb 16 

+14 6 

+581 

277 













San Diego 

32 7 N 

242 8 

Feb 26 

+14 7 

+581 

278 

-01 

- 12 

- 03 

+ 15 

- 04 

± 05 

8 

8 

RIB 

P 

A 

WJP 

San Diego 

32 7 N 

242 8 

Mar 1 

+14 7 

+581 

278 

-01 

- 10 

- 01 

+ 17 

- 10 

± 04 

8 

8 

RIB 

P 

A 

WJP 

At sea 

28 8 N 

237 8 

Mar 5 

+13 7 

+53 1 

295 


-20 

-04 

+ 01 

- 05 

±05 

7 

7 

RIB 

P 


WJP 

At sea 

271 N 

234 9 

Mar 7 

+12 9 


297 


- 12 

- 28 

+ 12 

-08 

± 15 

8 

0 

RIB 

P 


WJP 

At sea 

26 0 N 

232 9 

Mar 9 

+12 8 

+49 0 

300 


-55 

-04 

+ 11 

+ 10 

± 12 

8 

8 

RIB 

P 


WJP 

At sea 

25 1 N 

225 0 

Mar 14 

+12 3 

+46 4 

299 


-16 

- 14 

+ 18 

+ 06 

± 07 

6 

6 

RIB 

P 


WJP 

At sea 

17 9 N 

216 6 

Mar 21 

+ 94 

+36 2 

311 


00 

+ 08 

+ 11 

+ 06 

±03 

7 

7 

RIB 


A 

WJP 

At sea 

15 4 N 

2131 

Mar 24 

7"| 

+ 88 

+315 

318 


-01 

+ 21 

+ 24 

- 12 

±08 

12 

12 

RIB 

P 


WJP 

Fanning I 

39 N 

200 6 

Apr 8 
in 

+ 76 

+10 7 

340 

- 12 

-05 

00 

- 02 

+ 06 

± 08 

8 

*8 

RIB 

P 


WJP 

At sea 

20 N 

200 0 

Apr 12 

+ 72 

+ 68 

345 


+ 32 

- 16 

+ 24 

+ 14 

± 12 

7 

0 

RIB 

P 


WJP 

At sea 

71 S 

197 0 

Apr 16 

+ 82 

-13 4 

359 


- 15 

- 09 

+ 08 

- 14 

± 09 

0 

8 

RIB 

P 


WJP 

Suva 

181 S 

178 4 

May 18 

+10 4 

-381 

349 

-02 

-26 

- 07 

+ 02 

00 

± 04 

8 

28 

RIB 

P 

A 

WJP 

At sea 

82 S 

180 2 

Jun 4 

+ 90 

-19 0 

364 


- 03 

- 10 

+ 05 

- 06 

± 12 

8 

7 

RIB 

P 


WJP 

At sea 

48 S 

180 4 

Jun 7 

+ 90 

-12 2 

365 


+ 08 

+ 04 

+ 11 

- 10 

± 03 

6 

7 

RIB 

P 


WJP 

At sea 

1 6 S 

178 2 

Jun 9 

+ 89 

- 58 

361 


- 09 

-OS 

+ 06 

-07 

± 04 

6 

7 

RIB 

P 


WJP 

At sea 

09 N 

177 9 

Jun 12 

+ 91 

- 1 1 

350 


- 08 

- 06 

+ 05 

+ 01 

± 03 

6 

6 

RIB 

P 


WJP 

At sea 6 

59 N 

170 6 

Jun 20 

+ 86 

+ 61 

344 













Jaluit 

59 N 

169 6 

Jun 28 

+ 83 

+ 65 

344 

- 01 

00 

- 05 

+ 04 

-05 

± 02 

8 

8 

RIB 

P 

A 

WJP 

At sea 

78 N 

1631 

Jul 3 

+ 74 

+ 72 

344 


00 

+ 14 

+ 10 

+ 06 

± 13 

6 

6 

RIB 

P 


WJP 

At sea 

10 4 N 

155 5 

Jul 6 
14] 

+ 54 

+ 99 

345 


- 16 

- 10 

+ 10 

- 15 

± 04 

6 

7 

RIB 

P 


WJP 

Guam 

13 4 N 

144 6 

Jul 18 1 
23J 

+ 22 

+14 4 

350 

-06 

+ 10 

- 12 

+ 12 

-02 

± 05 

3 8 

8 

RIB 


A 

WJP 

At sea 

29 8 N 

144 9 

Aug 3 

-22 

+40 5 

313 


-08 

- 18 

- 14 

00 

± 02 

5 

6 

RIB 

P 


WJP 

At sea 

31 1 N 

1421 

Aug 7 

-30 

+42 8 

312 


- 25 

+ 08 

00 

+ 18 

± 07 

6 

6 

RIB 

P 


WJP 

TokioGulf 6 35 4 N 

139 7 

Aug 21 


+48 5 

300 













TokioGulf 7 35 4 N 

139 7 

Sep 6 

- 47 

+48 5 

300 

+ 08 

+ 10 

-20 

+ 14 

+ 06 

± 01 

5 

0 

RIB 

P 

A 

WJP 

At sea 

35 6 N 

148 6 

Sep 10 


+48 3 

290 













At sea 

43 1 N 

149 7 

Sep 15 

- 43 

+55 6 

267 


+ 12 

-07 

+ 01 

-03 

± 01 

6 

6 

RIB 

P 


WJP 

At sea 

45 0 N 

167 7 

Sep 22 

+ 36 

+571 

251 













At sea 

43 6 N 

175 0 

Sep 26 

+ 71 

+56 2 

250 


- 14 

+ 01 

+ 11 

-06 

± 04 

6 

6 

RIB 

P 


WJP 

At sea 

45 4 N 

195 7 

Sep 30 

+15 4 

+60 9 

235 


-04 

+ 24 

+ 10 

+ 18 

± 05 

6 

6 

RIB 

P 


WJP 

At sea 

39 7 N 

230 9 

Oct 12 


+62 4 

246 













At sea 

35 7 N 

2371 

Oct 15 

+16 6 

+60 1 

262 


+ 13 

-60 

+ 17 

- 10 

± 04 

6 

6 

RIB 

p 


WJP 

San Diego 

32 7 N 

242 8 

Oct 22 

+15 0 

+58 1 

277 

+ 18 

+ 02 

00 

- 04 

+ 06 

± 10 

8 

8 

RIB 

P 

A 

WJP 


JTwo starboard swings, one, 8 headings, other, 6 
*Two starboard swings, both 8 headings 
'Two port swings, both 8 headings 
4 Two port swings, one, 6 headings, other, S 


1 

A | B c D E P E Head ‘ 

‘ | » * i i mgs 

Dip Circle 

Obsh 

o 

o 

O 

o 

o 

•a 

s 



+ 21 +22 + 06 - 06 - 02 ± 02 8 

8 

35 2 A, SSL 

JCP 

+ 26 + 01 + 31 - 04 + 03 ± 01 s 

8 

35 2B.SSL 

JCP 

+ 22 + 03 + 32 — 05 + 01 ± 02 g 

8 

35 2A.SSL 

JCP 

- 02 - 49 - 15 00 ± 05 6 

0 

35 SS 

JCP 

+ 14 - 44 - 02 - 01 ± 03 0 

8 

35 SL 

JCP 

+ 29 — 10 — 10 — 08 ± 04 6 

0 

35 SS 

JCP 

+ 20 - 30 - 06 + 03 ± 03 0 

7 

35 SL 

JCP 

+ 02 - 32 - 03 - 01 ±07 12 

0 

35 SS 

JCP 

+ 17 - 04 - 29 + 02 + 04 ± 06 8 

8 

35 SSL 

JCP 

- 04 - 49 + 03 + 04 ± 04 0 

6 

35 SL 

JCP 

- 09 - 43 + 04 + 02 ± 02 6 

0 

35 SL 

JCP 

- 13 00 - 07 + 04 + 03 ± 01 8 

0 

35 SS 

JCP 

- 10 - 38 - 02 - 03 ± 04 0 

7 

35 SL 

JCP 

- 06 - 40 00 - 08 ± 03 7 

0 

35 SS 

JCP 

- 0 1 - 48 + 07 - 08 ± 07 0 

8 

35 SL 

JCP 

00 - 37 - 03 - 04 ± 02 6 

0 

35 SL 

JCP 

+ 08 - 25 - 09 - 06 ± 04 0 

6 

35 SL 

JCP 

+ 49 + 12 + 12 + 04 + 01 ± 02 8 

0 

35 SL 

JCP 

+ 03 — 52 — 02 — 06 ±05 0 

6 

35 SL 

JCP 

+ 23 + 05 — 10 + 08 ± 02 7 

0 

35 SL 

JCP 

+ 33 +02 — 40 - 05 — 02 ±03 <8 

8 

35 2A,SSL 

JCP 

+ 08 — 36 — 02 + 10 ± 11 6 

6 

35 2A.SS 

JCP 

+ 28 - 39 - 10 + 05 ± 04 6 

0 

35 SL 

JCP 

+ 26 + 14 — 31 —02 00 ± 01 8 

8 

35 2B.SSL 

JCP 

+ 29 + 09 + 06 - 15 - 02 ± 03 8 

0 

35 2A 

JCP 

+ 19 — 12 — 04 + 03 ± 02 0 

5 

35 SS 

JCP 

+ 23 — 28 + 05 + 02 ± 04 6 

0 

35 SL 

JCP 

+ 18 + 08 00 00 ± 01 0 

5 

35 SS 

JCP 

+ 20 - 53 - 02 + 02 ± 02 6 

0 

35 SL 

JCP 

+ 25 - 02 - 10 + 03 ±02 6 

6 

35 2B.SS 

JCP 

+ 10 — 34 + 01 — 03 ± 02 5 

0 

35 SS 

JCP 

+ 22 - 26 + 04 + 06 ± 04 6 

0 

35 2A 

JCP 

+ 21 + 13 — 38 — 06 00 ± 01 8 

8 

35 2A.SSL 

JCP 


‘Before accident 
After accident 



Ship Deviation-Coefficients 
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Ceuise II, February to October 1906. 


10 22GII 


17 41GII 

18 47GII 

19 50GII 

20 52GII 

21 55GII 


23 71GII 

24 77GII 


25 78GII 

26 78GII 


27 83GII 

28 90GII 


29 96GII 

30 101GII 


31 108GII 

32 119GII 


34 125GII - 


yf 

D 

C I 

Reflections 


| 

D 

C Loaded Dip 

H 

)n , 












a; 

__K 

Ch' 


K 

PL 


K 

c; 


' K 

PE 

i 












i - 

-2 

1 _ 

2 + 

3 + 

L :*= 

2 - 

7 -1{ 


0 + 

7 + 

2 =fc 2 

i - 

— 

-2] 

+ 

+ 


1 - 

- 

1 -2 

2 + 

3 - 

2 =fc 1 

1 +1S 

-12 

— 2f 

+ 

+1 

=t= 

1 + 

— 

-2 

1 + 

5 + 

dL 2 

I 

1 


+2£ 

+ll 

+ 

=«= 

4 

+ £ 

+3< 

3 + 

5 + 

=*= 3 

r 

-It 

+32 

+ t 

+ 

db 


-15 

+2< 

+ 

C 

=fc 3 

r 

—12 

+ir 

+ € 

+ 

=b ' 


-18 

+22 

+1C 

+ £ 

=*= 5 

r 

—13 

+16 

+ 3 

- 

zb 4 


-15 

+ ^ 

+1-3 

- 3 

db 4 

i 

-12 

+19 

+ 1 

+ 2 

=*= 2 


- 2 

+ £ 

+ 2 

- 6 

=*= 2 

+ 5 

-10 

+ 5 

+ 5 

- 2 

3 

-29 

-12 

-27 

+ 3 

-22 
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Cbtjise III, December 1906 to May 1908. 

Table 27 Decimation and Inclination Demotion-Coefficients and Details regarding Swings of the Galilee, 1906-1908 


Place 

T o + 

Long 

Tn fi 



JjRT 

xLast 
of Gr 

Date 


San Diego 

o 

327 N 

o 

242 8 

1906 
Dec 18 


At sea . 

273 N 

2391 

Deo 28 


At sea 

210 N 

236 8 

Dec 31 


At sea . 

62 N 

234 4 

1907 
Jan 8 

At sea 

34 N 

230 5 

Jan 11 


At sea . 

20 N 

229 6 

Jan 12 

At sea . 

38 S 

226 8 

Jan 15 

At sea 

143 S 

212 4 

Jan 29 

Papeete* . 

175 S 

2104 

Feb 4-5 

At sea . . 

167 S 

195 5 

Feb 26 

At sea . . 

65 S 

178 7 

Mar 20 

At sea . . 

52 S 

176 2 
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At sea . . 

2 5 N 

1619 

Mar 27 

At sea . . 

3 4 N 

157 7 

Mar 31 

At sea . . 

53 N 

150 7 

Apr 3 


At sea . 

6 6 N 

149 8 

Apr 6 

At sea . 

7 6 N 

143 8 

Apr 10 

At sea . 

125 N 

136 7 

Apr 24 

At sea 

181 N 

1352 

Apr 27 

At sea . 

248 N 

133 4 

May 1 

YangtseR * 

310 N 

122 2 

f May 3D 
IJun 1/ 

At sea 

302 N 

133 4 

Jun 12 

At sea . . 

369 N 

1641 

Jim 25 

Sitka . 

570 N 

224 7 

/Jul 161 
l.Tul 17/ 

Sitka. , . 

570 N 

224 7 

Jul 17 
Jul 18 


At sea 

53 8 N 

220 2 

Jul 19, 
Aug 13 


At sea 

454 N 

222 8 

Aug 16 


At sea 

394 N 

222 5 

Aug 19 


At sea . 

310 N 

214 3 

Aug 24 


NearHono- 

213 N 

202 0 

Aug 29 
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At sea 

218 N 

199 2 

Sep 27 

At sea 

234 N 

179 4! 

Oct 7 
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125 N 

172 6 

Oct 12 

Jalint I 

59N 

169 6 

Oct 24 

At sea 

06N 

168 6 

Nov 14 

At sea 

05N 

168 6 

Nov 14 

At sea 

7 6 S 

1691 

Nov 18 
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9 8 S 

169 4 

Nov 22 
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255 S 

169 7 

Dec 9 
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43 5 S 

1728 

1908 
Jan 2 

telton 





At sea 

42 9 S 

2116 

Jan 27 
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448 S 

2291 

Feb 


At sea 

4488 

229 3 

Feb 


At sea 

37 OS 

259 2 

Feb 17 

At sea 

36 9 S 

259 2 

Feb 17 

At sea . 

174 S 

2770 

Mar C 


At sea . 

174 S 

2770 

Mar 6 

Callao 

12 IS 

282 8 

Apr 4 


At sea 

9 6 S 

2749 

Apr 9 

At sea 

6 5 S 

263 8 

Apr 13 

At sea 

44 S 

2528 

Apr 17 

At sea 

166 IS 

2402 

May < 


At sea 

31 5 N 

2228 

May 16 

San Fran- 

37 8 N 

2376 

May 23 

cisco 





. Do 

378 N 

2376 

May 25 

. Do 

378 N 
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. Do 

378 N 

237 6 
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R3C 

P 


WJP 


+ 28 

- 36 

+ 01 

00 

±02 

6 

0 

169 7L 

JCP 

- 19 

+34 2 

343 

• 

+ 22 

-21 

+ 17 

+.16 

± 10 

6 

6 

R3C 

P 


WJP 


- 03 

-.11 

-01 

00 

±02 

6 

6 

35 1A.SL 

DCS 

- 28 

+44 8 

335 

-.03 

+ 24 

-33 

+ 04 

-.22 

± 12 

8 

0 

R3C 

P 

A 

WJP 


+ 14 

+.71 

-05 

-06 

±05 

8 

8 

35 2B.3L 
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Cruise III, December 1906 to Mat 1908. 


Table 28 Horizontal-Intensity Deviation-Coefficients 1 and Details regarding Swings of the Galilee, 1906-1908. 
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Ocean Magnetic Observations, 1905-16 


Adjustment of Deviation-Coefficients and Derivation of Parameters. 

The adjustments of all observed coefficients obtained from the swings for each magnetic 
element were made after dividing the coefficients into groups, each group being adjusted 
separately. Group 1 of Cruise I was experimental. Parameters were not used to compute 
deviations for this group. Group 2 includes the rest of this short cruise. The coefficients 
for Cruises II and III were grouped from consecutive portions of a cruise during which the 
vessel’s course lay in the same general direction. This method of grouping was adopted on 
the assumption that the ship’s parameters are liable to alterations as the ship changes 
from one course, whereon she has experienced continued buffeting, to a widely different 
one, where she again experiences continued buffeting by the sea. 

The arrangement of the groupings and the periods of time to which the coefficients and 
parameters of each group apply are shown in Table 29. 


Table 29 — Grouping and Periods of Time for Deviation-Coefficients 


Cruise 

Group 

Period of Time Corresponding to 
each Group 

Portion of Cruise Covered 

Galilee I 

1 

Aug 2, 1905, to Aug 23. 1905 

San Francisco to San Diego 

Galilee I 

2 

Aug 24, 1905, to Dec 13, 1905 

San Diego to San Diego 

Galilee II 

1 

Feb 14, 1906, to May 18, 1906 

San Diego to Fiji Islands 

Galilee II 

2 

May 18, 1906, to Aug 21, 1906 

Fiji Islands to Yokohama 

Galilee II 

3 

Sept 6, 1906, to Oct 22, 1906 

Yokohama to San Diego 

Galilee III 

1 

Dec 18, 1906, to Feb 5, 1907 

San Diego to Papeete, Tahiti 

Galilee III 

2 

Feb 4, 1907, to June 1, 1907 

Papeete, Tahiti, to Yangtse R 

Galilee III 

3 

May 31, 1907, to July 19, 1907 

Yangtse R to Sitka 

Galilee III 

4 

July 17, 1907, to Jan 2, 1908 

Sitka to Port Lyttelton 

Galilee III 

5 

Jan 2, 1908, to Apr 4, 1908 

Port Lyttelton to Callao 

Galilee III 

6 

Apr 4, 1908, to May 28, 1908 

Callao to San Francisco 


The overlappings of dates in the above groups indicate that the same coefficients have 
occasionally been included in each adjustment of two adjacent groups. 

For convenience in making the least-square adjustment of the coefficients and in com- 
puting coefficients from the parameters determined by this least-square adjustment for 
any place at which the deviation corrections are required, the expressions for the coefficients 
have been modified as follows: 

Decimation. Equations (8) to (13), page 79, are simplified by expressing the quan- 
tities m degrees, making 

r _ c P f__ , Q 

Xsml° y X sin 1° a X sin 1° 

and dividing the expressions for A d , D„, and E { by sin 1°. Then 


A - 1 L± 

d X 2 sin 1° 
J B d = x tan I + y 

C d = x' tan 



a — e 

2 sm 1° 
d+b 
2 sin 1° 


(27) 

(28) 

(29) 

(30) 

(31) 


The numerical values of the coefficients B t and C„, which are functions of the horizontal 
intensity and inclination, may readily be computed from the values of x, y, x', and y’ given 
for the period of time covered by each group-adjustment in Table 30 containing the dec- 
imation deviation-constants and parameters for standard-compass position. The numerical 
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values of A d , D i; and E d , which are constant according to theory, will also be found in this 

table. The parameters i ^ ^ and derived from the values of x, y, 

x', and y' , A d , D d , and E d , are included m the table merely for the purpose of comparing 
their values as determined from the different groups, or for comparing them with those of 
other ships. 


Table 30 — Decimation Deviation-Constants and Parameters for Standard-Compass Position 
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- 02 

- 

0184 

4 

0009 

4 

0501 

_ 

0298 

4 

0012 

+ .0002 

— 

0003 

- 0009 


0009 

oooo 


0005 


2 



4 

13 

- 01 

4 

2535 

— 

0030 

— 

1012 

— 

0353 

4 

0023 

4 0003 

4 

0044 

- 0007 


0018 

- 0001 


0006 


3 


- 03 > 

4 

14 

- 01 

— 

1060 

4 

0671 

4 

1342 

- 

0881 

4 

0024 

+ .0003 


0018 

- 0007 

4 

0023 

4 0012 

_ 

0015 


4 



4 

11 

- 04 

4 

0522 

— 

0207 

— 

0400 

4 

0172 

4 

0019 

- . 0002 

4 

0009 

- 0012 


0007 

- 0004 

4 

0003 


5 



4 

14 

00 

4 

1588 

— 

0323 

— 

1761 

- 

0300 

4 

0024 

+ .0005 

4 

0028 

- 0005 

— . 

0031 

- 0006 


0005 


G 



4 

10 

00 


1123 

4 

0132 

4 

0563 

1 

0713 

4 

0017 

+ .0005 


0020 

- 0005 

4 

0010 

4 0002 

— 

0012 


Table 31 — Inclination Deviation-Constants and Parameters for Sea-Dip-Gucle Position 



The computation of the deviations is greatly expedited by a tabular arrangement ii 
which all the values of any columns may be entered at one time, if desired. For specimei 
computation, see page 92. 

Inclination. Equations (14) to (18), page 79, are simplified by expressing thequantitie 
m degrees and by mating 


x = 


y 


2 sin 1° 

h -f -/ 


2 sin 1° 
Then we have 


c +g 

2 sin l c 

Q 

2 sin 1° 


X 

2 sin 1° 


a — e 

x'" = 

l sin 1° 


h-J 

ft sin 1° 

d±b 

4 sin 1° 


a \ — p . nT X — k — 1 . _ T 

' 1 '~2 S ml° an2/= 2 S inl° sm2i - 

El 2 

sin 1° U COS 1 

(32) 

B. = x + y cos 27 + 


(33) 

C, = x' + y' cos 21 + z' 


(34) 

Di — x" sm 21 


(35) 

E, = x'" sin 27 


(36) 
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_ The values of x, y, z, x', y r , z', x", x'", and the parameters c, f, g, h, P, and Q, for the 
period of time covered by each group-adjustment, are given in Table 31. 

The computation of inclination-deviations is shown in Table 38, page 92. 

Horizontal Intensity. — The least-square adjustment of the coefficients and the compu- 
tations of the coefficients and deviations are more conveniently made if the uni t of H is so 
taken as to avoid many decimals. This is accomplished by expressing H in units of the 

fourth decimal place c. g. s. If also x’ = and x" = (19) to (23) become 

A h • 10 4 = H- 10 4 - (X - 1) D h • 10 4 = H-MP-x' 

B h • 10 4 = c-£f-10 4 -tan J + P-10 4 E h • 10 4 = -H-ltf-x" 

C h - 10* = — /• jff • 10 4 • tan / — Q • 10 4 

The numerical values of B h and C h , expressed in units of the fourth decimal place c. g. s., 
may readily be computed from the values given for the period of time covered by each 
group-adjustment in Tables 32 to 34, which give the deviation-constants and parameters for 
the positions of sea deflector and of sea dip-circle. For the position of sea dip-circle there 
are two sets of values: one is derived from observations of the horizontal intensity by 
deflections, and the other is derived from the loaded-needle observations. The parameters 
X, a, b, c, d, e, /, P, and Q are given in Table 32 for the sea-deflector position. For the dip- 
circle position, values of the parameters already appear in Table 31, which were deduced 
from the inclination observations. Tables 33 and 34 contain additional values for the 
same parameters, except g and h, as also for X, a, e, and k. 


Table 32 — Horizontal-Intensity Deviation-Constants and Parameters for Sea-Deflector Position. 


Cruise 

Group 

A d 

x f 


X 

a 

b 

c 

<* 

e 

/ 

P 

Q 

I 

2 

o 

- 00225 

+ 00108 

1 00318 

+ 00093 


+ 00606 


+ .00543 

- 00137 

c g s 
+ 0015 

c g s 
- 0001 

II 

1 


- 00308 

+ .00086 

i 

- 00554 


+ 00361 


+ 00062 

- 00227 

+ 0010 

+ 0007 


2 


- 00271 

+ 00160 

0 99754 l 

- 00517 


+ 00070 


+ 00025 

+ 00036 

+ 0012 

- 0002 

3 

* 

- 00322 

+ 00134 

l J 

- 00568 


+ 01069 


+ 00076 

+ 00404 

- 0027 

- 0014 

III 

1 


-.00150 

+ 00066 


- 00253 


+ 00138 


+ 00047 

- 00020 

+ 0009 

0000 


2 


-.00139 

+ 00039 


- 00242 


+ 00103 


+ 00036 

- 00019 

+ 0007 

- 0001 


3 


- 00078 

+ 00122 

< 0 99897 

- 00181 


+ 00499 


- 00025 

- 00021 

- 0006 

- 0005 


4 

+ 04 

+ 00094 

+ 00064 

‘ - 00009 

- 00006 

+ 00294 

+ 00134 

- 00197 

+ 00011 

+ 0003 

- 0006 


5 

+ 00279 

+ .00088 


+ 00176 

+ 00018 

+ 00147 

+ 00158 

- 00382 

+ 00139 

- 0009 

+ 0001 


6 

l 

+ 00450 

+ 00102 


+ 00347 

+ 00032 

+ 00043 

+ 00172 

- 00553 

- 00017 

- 0004 

; 

- 0004 


Table 33. Horizontal-Intensity Deviation-Constants and Parameters for Sea-Dip-Circle Position {Loaded-Dip Observations) 


Cruise 


I 1 

II 

III 


Group 


1 

2 

3 

1 

2 

3 

4 

5 

6 


s' 


+ 00439| 

+ 00181 
+ 00208 
+ 00087 

+ 00026 

- 00047 
+ 00113 
+ 00166 

- 00389 

- 00316 


- 00303 

+ 00041 
+ 00002 
+ 00054 

+ 00102 
+ 00118 

- 00053 
+ 00010 
-.00289 
+ 00080 


1 00122 

0 99805 

1 00050 


+ 00561 

- 00014 
+ 00013 

- 00108 

+ 00076 
+ 00003 
+ 00163 
+ 00205 

- 00339 

- 00266 


+ 00068 

- 00065 

- 00061 
+ 01294 

+ 00026 

- 00562 

- 00976 

- 00649 

- 02128 
- 01279 


- 00317 

- 00376 

- 00403 

- 00282 

+ 00024 
+ 00097 

- 00063 

- 00105 
+ 00439 
+ 00366 


- 0215 

- 00146 

- 00634 

- 04750 

+ 00010 
+ 00139 

- 00630 

- 00701 
+ 03148 
+ 02125 


0056 


- 0088 


- 0063 


c g s 
- 0022 

- 0006| 
- 0006 

- 0064| 

- 0005 

- 00071 
+ 0010 | 

- 0011 
+ 00041 
+ 0032 


c g s 
+ 0028 

+ 0009 
+ 0017 
+ 0163 

- 0002 
0000 
+ 0004 
- 0001 
- 0016 
- 0019 


x The deviation-corrections were not computed from these parameters, but were taken from a deviation-table 
based on the analysis of each swing. 
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One value of R has been deduced for the sea-dip-circle position which applies to the 
three cruises. It is 22= —0.0010 c. g. s. 

Table 34 Horizontal-Intensity Deviation-Constants and Parameters for Sea-Dip-Circle Position (Deflection Observations ) 1 


Cruise 

Group 

x' 

x" 

X 

a 

c 

e 

/ 

k 

p 

Q 

II 

1 

+ 00147 

- 00062 

r ] 

+ 00066 

- 00061 

- 00228 

+ 00187 

r ] 

C Q 8. 

- 0009 

c g s 
- 0005 


2 

+ 00174 

+ 00047 

(0 99919i 

+ 00093 

- 00068 

- 00255 

- 00438 

- 0076 y 

- 0009 

— 0004 


3 

+ 00134 

+ 00046 

L J 

+ 00053 

+ 00834 

- 00215 

- 00756 

1 J 

- 0052 

+ 0010 

III 

1 

+ 00104 

- 00002 


- 00513 

+ 00044 

- 00721 

- 00115 


- 0008 

— .0003 


2 

+ 00141 

+ 00009 


- 00476 

- 00207 

- 00758 

+ 00009 


- 0009 

— 0005 


3 

+ 00224 

- 00086 

4 0 99383 > 

- 00393 

- 00285 

- 00841 

- 00180 


- 0011 

+ 0001 


4 

+ 00131 

- 00069 


- 00486 

- 00303 

- 00748 

- 00245 

< — 0130 > 

- 0013 

- 0007 


5 

00150 

- 00001 


- 00467 

- 00531 

- 00767 

+ 00244 


+ 0004 

— 0006 


6 

+ 00199 

- 00036 


- 00418 

- 00389 

- 00816 

+ 00618 


- 0004 

+ 0001 


A specimen computation of the horizontal-intensity deviations for April 14, 1908, at 
the sea-deflector position, will be found in Table 39, page 92. 

General Remarks. 

. ? n comparing the values of the parameters, group by group, for any one instrument- 
position, changes will be found for which no complete explanation can be given. They 
may be ascribed partly to dynamic effects, partly to real changes that have occurred in 
the magnetism of the ship because of one course having been held approximately throughout 
the periods of the groups. 

Some of the parameters at the sea-dip-circle position are deduced both from observa- 
tions of inclination and horizontal intensity. The differences between these two deter- 
mmations may be referred to instrumental deviations partly, and partly to dynamic effects. 

The deviation-equations for sea deflectors 1 and 2 show, very clearly, the existence of 
mstrumental deviations. The latter may be caused by small impurities in the metal parts 
or by lack of exact centering of the card in the compasses which had to be used with these 
deflectors. In view of their small magnitude, they may always be treated as part of the 
ship deviations. 


Starboard Angle at the Three Positions of the Galilee Instruments. 

The starboard angle, a, is defined, in treatises on magnetism of ships, as the direction 
of the resultant of the forces producing semicircular deviation in the compass. It is 
determined from the equation 

tan a = C' a /B' a (37) 


It lies in the horizontal plane passing through the instrument, and is reckoned positive 
from the ship s head around by starboard. Expressing (7/ and 25/ in terms of parameters, 
the above equation becomes 


tan a — 


K /tanj +I) 

K ct “ r +|) 


fZ+Q _ fz , Q 

cZ+P ~ cZ+P + cZ+P 


(38) 


From this equation it is evident that if / and c are not zero, the starboard angle a is 
not constant as the vessel sails around the world. ’ ’ 


'On the greater portion of Cruise I, the deflection method was not available (see pp. 21-22) 
tions were taken from a table based on the analysis of each separate swing 


The deviation-correo- 
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If the value of the starboard angle is represented by a', when / and c are both zero, then 

tan a' = | (39) 

which determines, the direction of the resultant of the forces of permanent magnetism 
that produce semicircular deviation. If the value of this resultant be p', we have 

p'=VWW (40) 

Similarly, if the starboard angle is represented by a", when P and Q are both zero, then 

taa (41) 


which determines, under the conditions stated, the direction of the resultant of the forces 
of mduced magnetism that produce semicircular deviation. Representing by p" the 
value of this resultant 

p" = V(cZ) 2 +CW (42) 

The angles a' and a", and the resultant p', are theoretically constant for the same vessel 
in all parts of the world, but the values of the resultant p" and the starboard angle a 
depend upon the vertical intensity, Z, of the Earth’s magnetic field. 

The angle a' is completely determined by the values and the signs of P and Q. 
The angle a , however, is not so completely determined from equation (41), since a 
positive value of c may result from soft iron forward of and below the instrument or from 
soft iron abaft the instrument and above it Moreover, a positive value of / may result 
from the presence of soft iron to starboard of the instrument and below it or from the 
presence of soft iron to port and above the instrument. 


Table 35 Values of the Angles a' and a" and of the Resultant of the Components of Permanent Magnetism for the Galilee 


Instrument Position 

Cruise I, 1905 1 

Ciuisc II, 1906 

Ciuise III, 1906-08 

a' 

a" 

P' 

a/ 

a" 

P' 

a' 

a." 

P' 

Deflector 

Standard Compass 

Dip Circle 

356 

332 

282 

347 

124 

121 

c g $ 
002 
002 
010 

240 

128 

167 

o 

8 

287 

293 

6 g & 
000 
001 
001 

270 

274 

133 

0 

3 

341 

174 

c g s 
000 
001 
002 


On the Gahlee certain assumptions are admissible which remove the ambiguity of 
the algebraic signs of c and /. The rigging was changed from iron to hemp. The magnets 
of the instruments were about 16 feet above the deck. Hence, the iron on the Galilee 
was practically all below the instruments, so that positive values of c and / indicate com- 
ponents of induced magnetism respectively forward of and to starboard of the instrument, 
and negative values indicate components abaft and to port. With these assumptions’ 
;“® values of a , a , and p' in Table 35 have been calculated. The varying values for 
different cruises, or even for parts of the same cruise, are explained by changes in the 
magnetism of the ship and by observational error. It is evident that if the parameters 
P, Q, c, arid / are^ but httle larger than the possible errors of their determinations, then 

the ratios -p and - must be very uncertain. Actual changes were made m the Galilee 

between cruises for the purpose of reducing the deviations. Other changes m the mag- 
netism of the ship may occur from the continued buffeting of the sea while headed con- 
tinuously m one direction. 


^rom August 24 to December 13, 1905 
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Deviation-Constants for Chief Vessels Engaged in Ocean Magnetic Work. 

Table 36 gives for the chief vessels which have been engaged in ocean magnetic work 
the 12 fundamental deviation-constants (or combinations of them) that represent the 
induced and permanent magnetic forces aboard ship. The data for the first four vessels 
have been taken from Bidlingmaier’s article, page 486 of the 1905 edition of Neumayer’s 
“ Anleitungen 1 ’ ' ; sm. in the table means a small value. The data for the Discovery, 1904, 
are taken from pages 148-149 of the volume on “Physical Observations of the National 
Antarctic Expedition, 1901-1904 ” A' d and E' d were assumed to be zero. 2 

It will be noticed that for the Galilee , at each instrument-position, the constants are, 
in general, smaller than those for previous vessels Furthermore, the deviation-corrections 
for two different instrument-positions, e. g., as used in getting H, are of varying amount 
and even of different sign, so that the resultant mean effects, as shown in the last column, 
are very small. The values in Table 36 are the means of the 3 cruises, giving each cruise 
equal weight. 


Table 36 . Deviation-Constants for the Chief Vessel which have been engaged m Ocean Magnetic Work. 


[All quantities are expressed in units of the third decimal except X. P, Q, R are expressed in 
units of the third decimal c o. s,] 


Constant 

Erebus, 

1839 

to 

1842 

Challenger, 

1873 

to 

1876 

Gazelle, 

1874 

to 

1876 

Gauss, 

1901 

to 

1903 

Discovery, 

1904 

Galilee, 1905-1908 

Stand 

Comp 

Sea 

Deflector 

Sea Dip 
Circle 

Mean 


0 991 

0 999 

0 980 

1 003 

0 973 


1 ooo 

999 

1 ooo 


0 

+ 2 

+ 6 

+ 5 

0 

0 

+ 1 


0 


+ 7 

+ 6 

+ 11 

+21 

+ 19 

+2 

-2 

+ 1 

0 


sm 

0 

- 2 

0 

0 

-1 

+ 1 

0 

0 

Q 

+27 

0 

+ 13 

- 5 




- 1 

— 1 

h 

sm 

0 

I + 9 

0 




- 6 

— 6 

c 

+26 

+ 8 

+21 

-12 

+ 3 

0 

+4 

- 3 

0 

f 

sm 

0 

- 7 

+ 1 

0 

0 

0 

+ 2 

+ 1 

k 

+ 3 

-33 

-21 

-13 

- 22 



- 8 

— 8 

P 

sm 

+13 

+ § 

+ 2 

+ 3 

0 

0 

0 

0 

Q 

sm 

0 

- 3 

0 

0 

0 

0 

— 3 

— 1 

R 

sm 

-40 

- 2 

— 2 

+ 4 



- 1 

- 1 


SPECIMEN COMPUTATIONS OF DEVIATION-CORRECTIONS. 

As specimens, the deviation-corrections will be computed for April 14, 1908, the day 
on which the specimen observations, given on pages 46-53, were made. This day falls in 
group 6 of Cruise III (Callao to San Francisco). 

Decimation. — For the morning observations we have the approximate values FT = 0.328 
c. g. s., and I = — 0?2; for the afternoon observations, H = 0.330, and I = + 0?1. The 
course for both a. m. and p m. was WSW ; hence, f = 247?5. The deviation-correction, 
applied to both a. m. and p. m. declinations (see Table 37, p. 92), is -0°.08. 

Inclination. H = 0.330 c. g. s. approximately; I = — 0°.3 approximately: course 
W; hence, f = 270°. 

J See reference in footnote, p 78 

2 The following two departures from the generally accepted notation occur m the Discovery publication viz d has 
the meaning usually assigned to k, and V that usually assigned to R 
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Table 37 - — Computation of Decimation-Deviations for Standard-Compass (ESC) Position on April 14, 1908 

Formula: 5D=A d 4“At fim C0B f +*A 1 sin 2^-f E d cos 2$* 

From Table 30 (p 87)- A d =-!03; JDj«+? 10; £J d =?00, z=-°1123; y«-h?0132, s'=-f?0563, 2/'-~°0713 


tan I 

1 

H 

x tan I 

y 

H 

Bt 

x' tan 1 

V ' 

H 

Ca 

A d 

B d sin f 

C d cos £ 

j D d sm 

E d cos 2f 

Devia- 

tion 



o 

0 

O 

O 

o 

o 

O 

0 

o 

0 

O 

0 

0 OO 

3 05 

000 

4- 040 

-f 04 

ooo 

- 217 

- 22 

- 03 

-.04 

4* 08 

4- 07 

00 

4- 08 

0 00 

3 03 

000 

4* 040 

4- 04 

ooo 

- 216 

- 22 

- 03 

-.04 

4- 08 

4- 07 

00 

+ .08 


Table 38 — Computation of Inclination-Deviations for Sea-Dip-Circle Position on April 14) 1908 

Formula* Sl-Ai+Bi cos $*+(?< sin f-j-A cos 2 f-fA sin. 2f 
From Table 31 (p.87). a?»+ ?166; y*+!149; z-+?066; a;'=+-?390,?/'-+?020jz'=+?014; as''-— ?100; -z'"=-?014 
For computmg At from (32), (X — •&— 1) / 2 sm 1°= +0- 196, and Rj sin 1°= — 0°055 for all 3 cruises. 


s 

a 

cos 21 

1 

sm 21 

y cos 2 1 

z sin 21 

B< 

a 

ffl 

O 

o 

" 5 * 

z' sm 21 

Ci 

S3 ** 
a £) 

® n 

If 
$ 11 

H 

Ai 

CO 

O 

o 

CQ 

§ 

c? 

*-> 

CM 

00 

8 

CM 

Deviation 

H 

H 

H 

H 

o 

© 

1 

4-1 ooo 

3 03 

- 03 

0 

4- 149 

0 

- 002 

O 

+ 313 

0 

4- 020 

0 

ooo 

o 

4- 410 


o 

ooo 

0 

4- io 

o 

00 

0 

- 41 



0 

- 25 


The computation assumes an approximate value of I of — 0?3, which, when the devia- 
tion-correction, +0°2, is applied, becomes — 0?1. A recomputation with this new value 
of I would not, however, make any material difference in the value of the deviation. 

Horizontal Intensity . — The tabular arrangement adopted for the computation of the 
horizontal-intensity deviations is exemplified by the calculation of the value for April It, 
1908, at the sea-deflector position. H = 3280 approximately, in units of fourth decimal 
c. G. s.; I = — 0?3 approximately; course, W, hence, f = 270°. The resulting deviation- 
correction is +22 units in the fourth decimal c. g. s. 

Ta.ble 39 . — Computation of the Horizontal-Intensity Deviations for Sea-Deflector Position on April 14, 1908. 

Formula cosf+C„ sin f+Xh cos 2J '4-Ei, sin 2f 

From bottom line of Table 32 (p. 88): P-10 4 = -4; <H0*=-4; c= +.00043; /=>- 00017; 

*'=+.00450, *"=+.00102 


Values of H, Aj „ Bn, Cj» D/>, E^, and the deviation are m units of the 4th decimal c. g s 






Cn 

©ft 






E n sin 

Devia- 

tion 

- 005 

-16 

0 



4-4 

+15 

-3 

-3 

0 

-4 

-15 

0 

-22 


The horizontal-intensity deviations for the dip-circle position were obtained on a form 
similar to that shown in Table 39. 
























OCEAN MAGNETIC OBSERVATIONS ON THE GALILEE, 1905-1908. 

EXPLANATORY REMARKS. 

As nearly as possible the same conventions have been followed in the presen- 
tation of the ocean magnetic results obtained on the Galilee during the three years 
August 1905 to May 1908 as adopted for the land magnetic results in Yolumes I 
and II. 

Stations . — It will be seen that the results are tabulated separately for each of the 
three cruises of the Galilee, all of which were in the Pacific Ocean. Next under each cruise 
the stations or points at which the observations were made are arranged chronologically, 
and they are numbered accordingly. Thus for Cruise I, the stations are numbered from 
1 G I (Station 1 Galilee Cruise I) to 104 G I (Station 104 Galilee Cruise I) inclusive. Simi- 
larly for Cruise II, the numbering proceeds chronologically from 1 G II (Station 1 Galilee 
Cruise II) to 125 G II (Station 125 Galilee Cruise II). The stations for Cruise III proceed 
chronologically from 1 G III to 213 G III, 

Geographic Positions . — The second and third columns contain, respectively, the 
latitude and longitude (counted east from Greenwich), expressed in degrees and minutes, 
to the nearest minute of arc. The latitudes and longitudes for the points of observation at 
sea were determined in accordance with the methods described on pages 58-60; in general 
they may be regarded as correct within 2 or 3 nautical miles. When no astronomical 
observations were possible for several days, the error in latitude, or in longitude, may 
amount to 5 or even 10 miles, depending upon circumstances. The geographic positions 
of the harbor stations are in general known within 1 minute of latitude and longitude. 

Dale . — The date on which the magnetic observations were made is recorded in the 
fourth column. The following abbreviations have been adopted for the months of the 
year: Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec. The year is indi- 
cated at the head of the column. 

Magnetic Elements . — The values of the magnetic elements (declination, inclination, 
and horizontal intensity) will be found in the next columns, preceded in each case by the 
local mean time (L. M. T.) of observation, expressed to nearest 0.1 of an hour. In cases 
where the observations which make up the mean value are numerous and are scattered 
over various parts of the day, so that the mean may be practically taken as the mean of 
day, the local mean times are replaced by the word “various”; in such cases the number 
of determinations from which the mean value is derived is indicated for the shore results 
(pp. 105-110), in general, by a number inclosed in parentheses. Where numerous obser- 
vations were made during a certain interval, as during a vessel swing, it has appeared 
desirable to give the local mean times of the beginning and of the ending of the swing. The 
local mean times are given according to civil reckoning and are counted from midnight 
as zero hour continuously through 24 hours; 16 h , for example, means 4 o'clock p.m. 

The ocean values of magnetic declination and inclination are given in degrees and 
minutes, to the nearest minute of arc. No claim, however, is made that they are correct to a 
minute of arc. In general the error in the tabulated value is about 5' to 10', or less; in 
some cases the error may be 15' to 20', depending on the severity of the conditions 
encountered during the observations. It was thought best to retain the original quantities 
resulting from the computations until the various corrections, mentioned below, had been 
applied. The error of a harbor result, usually depending upon extensive observations 
during the swing of the vessel, is generally not over 5', and may be less. Only the mean 
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quantities resulting from the observations with all instruments used for any particular 
element are given. The letters E and W serve to indicate whether the magnetic declination 
is east or west of north. The letters N and S show whether the north-seeking end of the 
magnetic needle points below the horizon, as it does in the northern magnetic hemisphere, 
or above, as it does in the southern magnetic hemisphere. 

The ocean values of horizontal intensity, derived as explained on pages 23—26 with all 
instruments employed, are tabulated to the fourth decimal of the c. g. s. unit of magnetic 
field-intensity. In magnetic-survey work on land the fourth decimal is often uncertain by 
one or more units, and in ocean work the error may approach a unit m the third decimal 
place. It is thus to be understood that no claim is made for the correctness of the last 
figure; it has been retained here primarily in order that when all reductions to common 
epoch have been applied on account of the various magnetic variations, the error (due 
purely to computation) will be kept down to the desired limit. 

The question whether to give values of the horizontal intensity exclusively, or values of 
total intensity, was decided in the previous volumes, for reasons there stated, m favor of 
the former. 

The instr um ents used are shown in the columns “ Compass” and "Dip Circle.” The 
designations of the various instruments employed will be found stated on pages 28-32. 
The term “Compass” also includes the "Sea Deflector,” with which both declinations and 
horizontal intensities were observed, as described on pages 17-19. The term “Dip Circle” 
likewise includes the “Sea Dip-Circle” when used for determination of the total intensity 
from which the horizontal intensity is derived, as explained on page 23. The designation 
169.12 S4-, for example, means that dip circle 169 was used, the inclination being observed 
with regular dip needles 1 and 2, and with deflected needle 3, and that the total intensity 
was observed with the same instrument by the deflection method, using the intensity 
needles 3 and 4 (the ones italicized). Similarly 189.9,10,75 means that inclination was 
observed with dip circle 189, using regular dip needles 9 and 10, and deflected needle 7, 
and that, furthermore, total intensity was obtained by the deflection method, using inten- 
sity needles 7 and 8. Invariably the intensity needles are italicized and are given last. 
The higher number of the two intensity needles always designates the chief intensity needle 
(the deflecting and the loaded needle). Whenever the total intensity was determined 
from both loaded-dip observations and deflections, this fact is shown by the addition of the 
dagger (f); thus, e. g., 169.1234t, or 189.9, 10, 78], as the case may be. When, as had to be 
the case with sea dip-circle 169 on a portion of the Galilee’s first cruise (see p. 19), 
total intensity was obtained only with the loaded needle (No. 4), and the inclination was 
observed with the regular dip needles (Nos. 1 and 2), then the designation is 169.124. By 
turning to the method of observations, pages 17-26, and 33-58, any additional explanation 
may be obtained. (See also inventory of instruments used aboard the Galilee, pp. 28-32) . 

The columns of “Remarks” contain 

a. Course. This is the ship’s magnetic course (heading) on which the observations were 
made When the word “ swing” occurs this means that the vessel was swung during 
observations. A harbor-swing of vessel implies that the vessel was swung on at 
least 8 equidistant headings with both port and starboard helms The swings 
at sea with a sailing vessel could rarely be complete, the aim, however, being, in 
general, to secure 8 equidistant headings, not infrequently one, two, or even 
three out of the desired 8 equidistant headings would be missed For all swings, 
the local mean times given in the respective columns denote the tunes of beginning 
and ending of the swing. The deviation-coefficients and details regarding swings 
will be found in Tables 23 to 28, pages 81-85. 

In the case, of the Carnegie, because of the absence of deviation-corrections, 
it was also possible to make observations when the vessel’s heading was shifting, 
as would be the case when the vessel was “becalmed,” or “at anchor.” 
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b. Roll. This column records the average full angle through which the ship rolled, from 
side to side, it is double the recorded clinometer-readings 
c Sea. The state of the sea is indicated by the following symbols- 

B — Broken or irregular sea H — Heavy sea R — Hough sea 

C — Chopping, short or cross sea L — Long, rolling sea 8 — Smooth sea 

G — Ground swell M — Moderate sea, or swell T — Tide lips 


When different observers record the state of the sea independently, it frequently 
happens that their estimates or designations vary In many of these cases one 
particular letter was selected, after a careful consideration of all the symbols 
given by the various observers, supplemented by the recorded ship’s roll, and by 
other notes. 

d. Weather . The symbols denoting the state of weather at the time are those in general use * 


b — Clear, blue sky 
c — Clouds 

d — Drizzling or light ram. 
/ — Fog or foggy weather 
g — Gloomy, dark, stormy. 
h. — Hail 


l — Lightning 
n — Misty. 
o — Overcast 
p . — Passing showeis 
q — Squally 
r — Rain 


s — Snow 
t — Thunder 

u — Ugly appearances, threatening weather 
v — Variable weather 
w — Wet or heavy dew 
z . — Hazy weather 


Weights . — The figures given in the column marked “ Wt.” are the weights assigned 
the results on the following scale, which expresses, in a general way, the conditions as to sea, 
weather, instruments and experience under which the observations were made : 1 denotes 
severe or adverse conditions; 2, medium conditions; and 3, favorable conditions. 

The application of variation corrections to the observed results on account of the 
numerous variations of the Earth’s magnetism, e. g., diurnal variation, secular variation, 
magnetic perturbations, etc., is deferred to the volume in which all the magnetic data, 
obtained both on land and sea, will be summarized and reduced to a common epoch. 
(That volume, No. V, can not appear until some time after the completion of the present 
cruise of the Carnegie in 1917. Whether it will be worth while, in the case of the ocean 
data, to apply any other corrections than those on account of secular change will there 
receive consideration.) 1 To avoid undue delay in the promulgation of the accumulated 
data, and in view of the inaccuracies of the magnetic charts at present in use, it is con- 
sidered best to publish the observed results as obtained with no corrections applied, except 
the reductions to the magnetic standards of the Department, as fully explained in the 
section on this subject. However, since for the magnetic elements tabulated the precise 
data and local mean time of each observation are given, the reader is supplied with the 
required information in case, for some purpose of his own, he desires to reduce the observed 
values to some mean time. 

Local Magnetic Disturbance . — As in Volumes I and II, the asterisk (*) is used through- 
out to indicate a station where local magnetic disturbance is known to exist. 


Combining Weights Assigned to Different Instruments and Methods. 

The tabulated values of the magnetic elements are usually the weighted means of two or 
more results, obtained by means of two different instruments, or by two different methods. 
To obtain the weighted value of the declination, the results of 


Compass R1A (prism) was given a weight 1 
R1A (alidade) was given a weight 1 

■ Cruise I 

RIB (prism) was given a weight 1 
RIB (alidade) was given a weight 1 
R3C (prism) was given a weight 2 1 

Cruise II 

R3C (alidade) was given a weight 2 
D2 (prism) was given a weight 1 
D2 (alidade) was given a weight 1 ] 

Cruise III 


l Volume IV is to contain the magnetic-survey results 1914-1917 and reports on special researches 
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Double weight was given to the results with R3C for Cruise III for the reason that 
the declination deviation-coefficients were much better determined for the R3C position 
on the observing bridge than for the D2 position. 

The weighted mean value of the inclination was obtained by assigning the weight 2 
to the result of each dip needle and the weight 1 to the result of each complete observation 
of deflected dip. Hence, the deflected dip-results from long and short distance each 
received a weight of 1, or if the observation at one distance was repeated the result received 
a weight of 2. The weighted mean value of the horizontal intensity was obtained by 
assigning weights 3, 2, and 1 to the deflector results, the sea-dip-circle results by deflec- 
tions, and the sea-dip-circle results by loaded needle, respectively, when they were obtained 
under normal sea conditions. But when the observations were made under unfavorable 
conditions of motion, or with small values of the horizontal intensity, the weights assigned 
were then 6, 4, 1 in the same order. In some exceptional cases equal weights were assigned 
the results obtained by deflector and by sea dip-circle, deflected dip, or loaded dip, as in the 
case of swings, exceptionally quiet conditions, etc. 

DISTRIBUTION OF STATIONS. 

Table 40 shows for each cruise of the Galilee the number of days consumed (adding 
to the days at sea those spent m the harbor-swings of vessel), the length of the cruise in 
nautical miles, the number of tabulated values, respectively, of declination, inclination, 
and horizontal intensity, next the average time-interval between observations, as well as 
the average distance apart. It will be seen that, for the total length of the Galilee’s 
three cruises (63,834 nautical miles in the Pacific Ocean), the magnetic observations, 
whether of declination, inclination, or horizontal intensity, were made, on the average, 
every two days apart in time and about 200 miles in distance. 


Table 40 — Summary showing the Distribution of the Galilee Magnetic Observations 1906 - 1908 . 


Cruise 

Number 

Number of Stations 

Average Time-Interval 

Average Distance Apart 

Days 

Miles 

Decl’n 

Incl’n 

Hor Int 

Decl’n 

Incl’n 

Hor Int 

Decl’n 

Incl’n 

Hor Int 







d 

d 

d 

miles 

miles 

miles 

1, 1905 

92 

10,571 

74 

58 

59 

1 2 

1 6 

1 6 

143 

182 

179 

II, 1906 

168 

16,286 

95 

88 

91 

1 8 

1 9 

1 8 

171 

185 

179 

III, 1906-1908 

334 

36,977 

156 

169 

171 

2 1 

2 0 

2 0 

237 

219 

216 

I, II, and III 

594 

63,834 

325 

315 

321 

1 8 

1 9 

1 9 

196 

203 

199 


OBSERVERS AND COMPUTERS. 


The Table of Ocean Results differs from the Table of Land Results, published in Volumes 
land II, in one other respect besides those already shown in the foregoing explanations, viz, 
that the observers’ initials, for practical reasons, had to be omitted. The magnetic 
results for any one day are the combined product of all the observers aboard at the time. 
Those who took part in the observations for the various cruises of the Galilee are as follows : 

Cruise I. — J. P. Ault, L. A. Bauer, J. H. Egbert, J. F. Pratt, and P. C. Whitney. 

Cruise II. — J. P. Ault, H. E. Martyn, J. C. Pearson, and W. J. Peters. 

Cruise III— P. H. Dike (beginning August 1907), J. C. Pearson (to July 1907), 
W. J. Peters, G. Peterson, and D. C. Sowers. 

The chief persons who have taken part, at various times, in the comparisons and 
determination of instrumental constants at Washington, in the final office reductions, or 
in the preparation of results for publication, are: J. P. Ault, L. A. Bauer, J. J. Carey, 
P. H. Dike, C. R. Duvall , H. M. W. Edmonds, C. C. Ennis, H. W. Fisk, J. A. Fleming, 
H. D. Harradon, H. F. Johnston, R. R. Mills, J. H. Millsaps, J. C. Pearson, W. J. Peters, 
A. D. Power, H. R. Schmitt, D. C. Sowers, and J. A. Widmer. Those whose namaa are 
italicized have borne the brunt of the work at Washington. 




FINAL RESULTS OF OCEAN MAGNETIC OBSERVATIONS ON THE GALILEE, 1905-1908, 

Cruise I, Pacific Ocean, 1905 . 
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Ocean Magnetic Observations, 1905-16 
Cruise I, Pacific Ocean, 1905 — Concluded . 
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75GI 

24 09 N 

191 18 

Oct 31 

16 7 

10 44 E 

1 

16 1 

41 11 N 

1 

16 4 

2862 

1 

R1A, D1 

169 124 

N 


M 

b 

76GI 

25 15 N 

191 22 

Nov 1 

16 7 

11 03 E 

1 

16 3 

43 22 N 

1 

16 3 

2807 

1 

R1A, D1 

169 12 

NE 


L 

be 

77GI 

25 36 N 

192 25 

Nov 2 

86 

10 36 E 

1 

, 






R1A 


E, NE 



be 

78GI 

25 33 N 

193 07 

Nov 2 

16 2 

11 16 E 

1 

16 2 

43 39 N 

1 

16 4 

2800 

1 

R1A, D1 

169 124 

E 


M 

bo 

79GI 

25 43 N 

195 19 

Nov 3 

86 

12 03 E 

1 







R1A 


NE 



cp 

80GI 

25 34 N 

199 25 

Nov 4 

17 2 

11 57 E 

1 

16 8 

44 26 N 

1 

17 0 . 

2810 

1 

R1A, DI 

169 124 

SE 


M 

c 

81GI 

24 38 N 

199 47 

Nov 5 

87 

10 11E 

1 

. 






R1A 


SE 


G 

cp 

82GI 

24 10N 

200 22 

Nov 5 




16 5 

43 38 N 

1 

16 7 

2878 

1 

Dl 

169 124 

E 


G 

cp 

83GI 

23 17 N 

201 17 

Nov 6 

85 

10 18 E 

1 







R1A 


SE 


G 

0 

84GI 

22 52 N 

20144 

Nov 6 




16 4 

41 32 N 

1 

16 6 

2894 

1 

Dl 

169 124 

SE 


G 

bep 

85GI 

21 48 N 

202 27 

Nov 7 

7.7 

10 03 E 

1 




. 



R1A 


SE, S 


S 

bo 

86GI 

21 40 N 

202 28 

Nov 7 

. 



85 

40 26 N 

1 

87 

2919 

1 

Dl 

169 124 

S 


S 

be 

87GI* 

21 14 N 

202 01 

Nov 12 

9 3 to 11 2 

10 OOE 

1 

9 2 to 10 2 

39 28 N 

1 

9 2 to 11 3 

2926 

1 

R1A, Dl 

169 14 

Swing 

0 

S 

b 


(Near Honolulu) 

















88GI 

21 14 N 

201 59 

Nov 12 

15 1 to 170 

9 52 E 

1 

15 1 to 16 2 

39 38 N 

1 

15 1 to 17 2 

2935 

1 

R1A 

16914 

Swing 

0 

s 

b 

89GI 

22 41 N 

201 10 

Nov 13 

86 

10 42E 

1 

. 

. 





R1A 


N, NW 

4 


bo 

90GI 

23 29 N 

20109 

Nov 13 

14 8 to 168 

10 52 E 

1 

14 8 to 15 8 

42 14 N 

1 

14 9 to 16 9 

2863 

1 

R1A, Dl 

16914 

Swing 

17 

R 

be 

91GI 

24 37 N 

200 41 

Nov 14 

83 

10 59 E 

1 

. . 

. 





R1A 


SE 


R 

be 

92GI 

27 0ON 

197 34 

Nov 16 

15 8 

11 36 E 

1 

. 

. 





R1A 


NW 

17 


bop 

93GI 

28 13 N 

196 31 

Nov 17 

8 0 to 10 7 

11 41 E 

1 

9 9 to 107 

45 57 N 

1 

8 2 to 10 8 

2757 

1 

R1A, Dl 

169 14 

Swing 

15 

S 

b 

Ktlj 

29 15 N 

196 34 

Nov 18 

83 

12 04E 

1 

. 

. 





R1A 


N 

12 

c 

be 

95GI 

29 18 N 

196 34 

Nov 18 




88 

47 21 N 

1 

88 

2719 

1 

Dl 

169 12541 

N 

12 

c 

bo 


29 54 N 

197 06 

Nov 18 

16 3 

12 10 E 

1 







R1A 


N 


M 

b 

97GI 

32 18 N 

203 17 

Nov 20 

84 

13 16 E 

1 


. 





R1A 


E 

21 

R 

be 


40 34 N 

209 09 

Nov 24 

8 1 to 10 6 

17 10 E 

1 

9 4 to 10 6 

59 48 N 

1 

8 1 to 10 6 

2425 

1 

R1A, Dl 

169 541 

Swing 

11 

s 

b 

99GI 

36 34 N 

230 28 

Dec 2 

88 

16 42E 

1 

90 

60 08 N 

1 

90 

2604 

1 

R1A, Dl 

169 12541 

E 


s 

be 


34 47 N 

234 33 

Deo 4 

13 8 to 16 0 

16 19 E 

1 

15 1 to 16 0 

58 49 N 

1 

13 9 to 16 1 

2667 

1 

R1A, Dl 

169 541 

Swing 

6 

s 

be 


34 14 N 

235 57 

Deo 5 




16 0 

58 50 N 

1 

15 9 


1 


169 12541 

E 


s 

bo 

102GI 

33 30 N 

237 33 

Dec 6 

14 1 to 16 1 

15 08 E 

1 

14 4 to 15 4 

58 09 N 

1 

14 4 to 16 5 

2718 

1 

R1A, Dl 

169 541 

Swing 

7 

s 

b 

103GI 

33 06 N 

241 15 

Dec 8 

83 

14 46 E 

1 

87 

58 56 N 

1 

88 . 

2702 

1 

R1A, Dl 

169 541 

SE 


s 

b 

104GI 

32 43 IS 

242 48 

Dec 12] 

















(San Diego Bay) 

1 

Deo 13 J 

Various 

14 36 E 

1 

Various 

58 10N 

1 

Various 

2766 

1 

R1A, Dl 

169 541 

Swings 

0 

s 

b 


*LocaI Disturbance 
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Cbuise II, Pacific Ocean, 1906. 


Sta- 

tion 

Latitude 

Long 
East 
of Gr. 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 

L M r 

Value 

Wt 

. L M T 

Value 

wt. 

. L M T 

Value 

Wt 

Compass 

Dip Circle 

Course 

Roll 

1 Sea 

Wea- 

ther 


0 t 

o / 

190& 

h h 

0 / 


h h 

0 / 


h h 

cg.s 





o 



1GII 

32 43 N 

242 48 

Feb 14\ 

















(San Die 

go Bay) 

Feb 16/ 

Various 

14 39 E 

3 

Various 

58 04 NT 

3 

Various 

2772 

3 

RIB, D1 

35 254t(S)t 

Swings 

0 

S 

bo 




Feb 26 

10 4 to 17 2 

14 43 E 

3 

10 7 to 16 8 

58 06 NT 

3 

10 6 to 169 

2778 

3 

RIB, D1 

35 25 (3) f 

Swing 

0 

S 

bo 




Mar 1 

10 2 to 16 4 

14 43 E 

3 

10 4 to 161 

58 04 NT 

3 

10 4 to 16 2 

2777 

3 

RIB, D1 

35 25 (3) t 

Swing 

0 

s 

bo 

2GII 

28 48 N 

237 48 

Mar 5 

14 5 to 17 2 

13 40 E 

1 

16 2 to 17 3 

53 04 N 

3 

14 8 to 173 

2951 

3 

RIB, D1 

35 3(8) f 

Swing 

15 

c 

bo 

3GII 

27 08 N 

234 56 

Mar 7 

14 6 to 17 8 

12 53 E 

3 


. 


14 6 to 178 

2971 

3 

RIB, D1 


Swing 

10 

SL 

b 

4GII 

26 15 N 

233 31 

Mar 8 

15 4 

12 10 E 

2 


. 


. 

. . 

. 

RIB 

. . 

SW 

6 

C 

b 

5GII 

26 13 N 

233 27 

Mar 8 

. . 



16 4 . 

49 31 NT 

2 

16 3 . 

2999 

2 

D1 

35 2 (5)3 (3) f 

sw 

5 

C 

0 

6GII 

26 11 N 

233 23 

Mar 8 

16 9 

12 26 E 

2 

. 

. 


. 

. 

. 

RIB 


SW 

8 

s 

b 

7GII 

25 58 N 

232 56 

Mar 9 

9 5 to 14 2 

12 49 E 

3 

11 2 to 140 

48 59 NT 

3 

9 8 to 140 

2999 

3 

RIB, D1 

35 5(3)t 

Swing 

0 

s 

bo 

8GII 

25 20 N 

225 33 

Mar 14 

88 . 

12 13 E 

2 

. 

. . 


. 


. 

RIB 

- . . ... 

SW 

10 

L 

b 

9GII 

25 17 N 

225 30 

Mar 14 

. 



96 . 

47 14 NT 

2 

96 . 

2962 

2 

D1 

35 2 (5)5(3) f 

sw 

3 

s 

b 

10GII 

25 15 N 

225 26 

Mar 14 

10 4 . 

12 13 E 

2 

. 

. 


. 



RIB 


sw 

10 

c 

b 

11GII 

25 08 N 

225 02 

Mar 14 

14 8 to 16.7 

12 19 E 

3 

14 9 to 15 7 

46 26 IT 

3 

14 9 to 16 7 

2990 

3 

RIB, Dl 

35 5(3)f 

Swing 

7 

c 

b 

12GII 

24 12 N 

222 42 

Mar 16 

. 



16 6 . 

45 17 NT 

2 

16 7 . 

2972 

2 

D1 

35 2 (5)5(3) t 

SW 

13 

c 

<3 

13GII 

17 54 N 

216 36 

Mar 21 

15 5 to 18.1 

9 22 E 

3 

17 0 to 181 

36 11 NT 

3 

15 6 to 18 1 

3110 

3 

RIB, Dl 

35 5(3) f 

Swing 

12 

L 

bo 

14GII 

16 47 N 

214 59 

Mar 22 

16 4 

9 08 E 

2 

16 2 . 

34 11 NT 

2 

163 . 

3136 

2 

RIB, Dl 

35 2(5)3(S)t 

SW 

7 

s 

bo 

15GII 

16 22 N 

214 19 

Mar 23 

16 2 

8 57 E 

2 

16 2 . 

33 32 N 

2 

162 . 

3139 

2 

RIB, Dl 

35 2(5)5(S)t 

SW 

20 

s 

bo 

16GII 

15 22 N 

213 09 

Mar 24 

14 3 to 17.7 

8 50 E 

3 

14 4 to 16 1 

3131 N 

3 

14 4 to 17 7 

3176 

3 

RIB, Dl 

35 5(3) t 

Swing 

12 

L 

bo 

17GII 

13 52 N 

211 19 

Mar 25 

16 8 . 

8 31 E 

2 

16 8 . 

29 19 NT 

2 

168 . 

3183 

2 

RIB, Dl 

35 2(5)3(3)t 

SW 

17 

SM 

bo 

18GII 

12 11 N 

209 18 

Mar 26 

16 8 

8 13 E 

2 

16 8 . 

26 29 N 

2 

168 

3220 

2 

RIB, Dl 

35 2 (5)5 (3) t 

SW 

35 

M 

b 

19GII 

10 ION 

207 35 

Mar 27 

14 9 

7 22 E 

1 

. 

. 


15 0 

3294 

2 

RIB, Dl 


E, SE, S 

27 

MC 

bo 

20GII 

7 28 N 

205 21 

Mar 28 

17 2 

7 27 E 

1 

171 

17 20 IT 

2 

171 

3331 

2 

RIB, Dl 

35 2 (5)5 (3) f 

SW 

25 

MC 

bo 

2XGII 

4 59 N 

203 23 

Mar 29 

15 8 

8 02 E 

1 

158 . 

12 05 N 

2 

15 8 

3393 

2 

RIB, Dl 

35.2 (5)5(3) f 

SW 

32 

MC 

bo 

22GII 

3 55 N 

200 36 

Apr 7^ 

















(Off Fanning I ) 

Apr 8^ 

Various 

7 38 E 

3 

Various 

10 44 N 

3 

Various 

3403 

3 

RIB, Dl 

35 5(3)t 

Swings 

10 

MG 

bo 




Apr lOj 
















23GII 

1 57 N 

199 58 

Apr 12 

14 8 to 17 2 

7 10 E 

3 

16 4 to 17 2 

647 N 

3 

147 to 17 2 

3451 

3 

RIB, Dl 

35 5(3) t 

Swing 

10 

M 

bo 

24GII 

0 35 S 

199 07 

Apr 13 

164 . 

6 46 E 

2 

165 . 

048 N 

2 

16 4 

.3516 

2 

RIB, Dl 

35 2(5)5 (3)t 

S 

3 

MC 

bo 

25GII 

3 46 S 

198 07 

Apr 14 

167 . 

7 22 E 

2 

16 7 

620 S 

2 

16 7 

3565 

2 

RIB, Dl 

35 2(5)5(3)t 

S 

20 

MC 

bo 

26GII 

6 34 S 

197 35 

Apr 15 

165 . 

7 25 E 

2 

16 4 

11 53 S 

2 

16 4 

3595 

2 

RIB, Dl 

35 2(5)5(3)f 

S 

15 

M 

bo 

27GII 

7 05 S 

196 56 

Apr 16 

6 7 to 9 9 

8 HE 

3 

9 1 toll 6 

13 25 S 

3 

6 8 to 1 1 6 

3587 

3 

RIB, Dl 

35 5(3) t 

Swing 

7 

S 

bo 

28GII 

8 30 S 

196 08 

Apr 17 

168 . 

8 18 E 

2 

16 7 

1611 S 

2 

16 7 

.3593 

2 

RIB, Dl 

35 2 (5)5 (8) f 

S 

12 

MS 

bo 

29GII 

13 25 S 

193 34 

Apr 22 

168 . 

9 54 E 

2 

16 9 

26 20 S 

2 

168 

.3559 

2 

RIB, Dl 

35 2(5)5 (3) t 

SW 

10 

M 

bo 

30GII 

14 10 S 

192 50 

Apr 23 

16 7 

8 53 E 

2 

168 

27 47 S 

2 

167 

3553 

2 

RIB, Dl 

35 2(5)5(3)f 

S 

7 

SM 

bo 

31GII 

14 16 S 

191 12 

Apr 25 

171 

8 25 E 

1 

16 9 . 

28 07 S 

2 

17 0 

3534 

2 

RIB, Dl 

35 2 (5)5(8) f 

SW 

15 

CL 

bo 

32GII 

13 33 S 

188 08 

May 10 


. 


17 1 

27 28 S 

2 

17 0 

3583 

2 

Dl 

35 2 (5)5 (8) t 

NW 

20 

M 

0 

33GII 

16 28 S 

180 48 

May 14 

94 

10 22 E 

2 

90 . 

34 48 S 

2 

91 

3546 

2 

RIB, Dl 

35 2(5)8(8)t 

E 

8 

M 

bo 

34GII 

17 41 S 

179 49 

May 16 

82 . 

9 49 E 

2 

82 . 

36 36 S 

1 

82 

3516 

1 

RIB, Dl 

35 2(5)S(8)t 

ssw 

15 

M 

bo 

35GII 

18 OSS 

178 25 

May 18 

6 7 to 11 6 

10 23 E 

3 

6 8 to 8 9 

38 06 S 

3 

6 8 to 11 4 

3489 

3 

RIB, Dl 

35 5(3) t 

Swing 

0 

S 

be 


(Suva Harbor) 

May 20 

7 1 to 10 0 

10 26 E 

3 




. 



RIB 


SE, S, SW.W 

0 

S 

bo 

36GII 

12 50 S 

177 11 

May 29 

16 2 

9 33 E 

2 

16 1 . 

28 54 S 

2 

161 . 

3045 

2 

RIB, Dl 

35 2(5)S(S)t 

N 

13 

M 

bo 

37GII 

10 21 S 

177 12 

May 31 

16 5 . 

9 29 E 

2 

16 5 

24 21 S 

2 

165 

3647 

2 

RIB, Dl 

35 2(5)3f 

NNE 

8 

M 

bo 

38GII 

9 19 S 

178 17 

Jun 1 

. 



16 4 

22 18 S 

2 

16 4 

3663 

2 

Dl 

35 2(5)S(S)t 

NNE 

16 

M 

c 

39GII 

8 10 S 

180 10 

Jun 4 

7 2 to 10 7 

9 02 E 

3 

9 4 to 10 6 

19 01 S 

2 

7 2 to 10 6 

3636 

3 

RIB, Dl 

35 5(3) t 

Swing 

12 

SM 

bo 

40GII 

6 08 S 

181 01 

Jun 6 

90 

8 52 E 

2 

89 

1443 S 

2 

89 . 

3636 

2 

RIB, Dl 

35 2(5)3(3)t 

N 

10 

MS 

bo 

41GII 

4 48 S 

180 24 

Jun 7 

6 6 to 9.6 

9 02 E 

3 

8 1 to 9 2 

1211 S 

3 

6 8 to 9 3 

3649 

3 

RIB, Dl 

35 S(3)t 

Swing 

10 

SM 

bo 

42GII 

1 33 S 

178 10 

Jun 9 

6 8 to 11.4 

8 56 E 

3 

7 3 to 13 7 

546 S 

3 

7 2 to 13 7 

3614 

3 

RIB, Dl 

35 5(3) f 

Swing 

15 

ML 

bo 

43GII 

0 41 S 

178 20 

Jun 11 

87 . 

8 56 E 

2 

87 . 

425 S 

2 

87 . 

3564 

2 

RIB, Dl 

35 2(5)5(S)t 

N 

11 

SM 

bo 

44G1I 

0 55 N 

177 55 

Jun 12 

6 6 to 8 5 

9 07 E 

3 

7 7 to 8 6 

1 04 S 

3 

6 8 to 86 

3502 

3 

RIB, Dl 

35 5(3) t 

Swing 

8 

SM 

b 

45GII 

4 30 N 

174 36 

Jun 17 

. 



78 . 

5 38 N 

1 

82 

3456 

1 

Dl 

35 2 (5) (8) 

WNW 

19 

M 

rq 

46GII 

5 03 N 

173 16 

Jun 18 

164 . 

8 50 E 

1 

16 4 . 

5 38 NT 

1 

164 . 

3463 

1 

RIB, Dl 

35 2(5)S(8)f 

W 

22 

M 

beg 

47GII 

5 54 N 

170 33 

Jun 20 

. 



7 6 to 8 3 

6 06 IT 

3 

7 6 to 9 2 

3440 

3 

Dl 

35 5(3) f 

Swing 

10 

MS 

bop 

48GII 

5 54 N 

170 36 

Jun 20 

90 

8 39 E 

2 


- 


- 



RIB 


N, S, SW, W, 

10 

MS 

bop 

49GII 

5 55 N 

169 35 

Jun 27 

79 . 

8 22 E 

2 







RIB 


NW 

V, NE 

2 

S 

bo 

50GII 

5 55 N 

169 35 

Jun 28 

7 2 to 10 1 

8 20 E 

3 

7 2 to 8 1 

629 IT 

3 

7 2 to 10 1 

3439 

3 

RIB, Dl 

35 3(3) t 

Swing 

2 

S 

be 


(Jaluitl Lagoon) 

















5XGII 

7 12 N 

165 20 

Jul 2 

83 

7 50 E 

1 

81 . 

6 41 IT 

2 

82 . 

3448 

2 

RIB, Dl 

35 2(5)5(8)f 

W 

25 

MS 

bo<j 

52GII 

7 48 N 

163 05 

Jul 3 

7 2 to 9 1 

7 23 E 

2 

7 2 to 8 2 

7 ION 

2 

7 2 to 9 2 

3441 

2 

RIB, Dl 

35 3(3)f 

Swing 

23 

M 

bo 

53GII 

9 39 N 

157 30 

Jul 5 

68 

5 50 E 

2 

. 

. 



. 


RIB 


WNW 

6 

M 

bo 

54GII 

9 43 N 

157 22 

Jul 5 

. 



82 . 

9 14 IT 

2 

82 

3433 

2 

Dl 

35 2(5)3(8)t 

WNW 

10 

MS 

bo 

55GII 

10 24 N 

155 31 

Jul 6 

6 9 to 9 4 

5 26 E 

3 

8 3 to 9 2 

9 54 N 

3 

70 to 92 

3446 

3 

RIB, Dl 

35 S(3)t 

Swing 

15 

M 

bep 

56GII 

11 29 N 

152 49 

Jul 7 

. 

. 


82 . 

11 24 IT 

2 

82 

3446 

2 

Dl 

35 2(5)3(8)t 

WNW 

36 

MR 

bop 

57GII 

13 07 N 

147 41 

Jul 9 

70 . 

2 43 E 

2 

% j 

. 



. 


RIB 


W 

30 

M 

bo 

58GII 

13 07 N 

147 38 

Jul 9 

1 



79 . 

13 02 N 

2 

79 . 

3473 

2 

Dl 

35.2(5)5(8)t 

w 

20 

ML 

bop 

59GII 

13 17 N 

145 35 

t 

Jul 10 

66 . 

2 28 E 

2 

- 




. .. 


RIB 


WNW 

20 

S 

bo 
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Ocean Magnetic Observations, 1905-16 
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Sta- •» 
tion 1 

-latitude 

Long 
East 
of Gr 




o / 

o / 

1906 

60GII 

13 17 N 

145 30 

Jul 10 

61GII 

13 27N . 

144 39 

Jul 14] 


(Guam.ApraHr ) 

Jul 18 f 




Jul 23 j 

62GII 

14 53 N 

144 20 

Jul 25 

63GII 

15 04 N 

144 20 

Jul 25 

64GII 

18 43 N 

144 12 

Jul 27 

65GII 

18 44 N 

144 12 

Jul 27 

66GII 

19 28 N 

14417 

Jul 28 

67GII 

22 10N 

145 05 

Jul 31 

68GII 

27 ION 

145 34 

Aug 2 

69GII 

27 13 N 

145 34 

Aug 2 

70GII 

28 26 N 

145 10 

Aug 2 

71GII 

29 49 N 

144 57 

Aug 3 

72GII 

30 27 N 

144 41 

Aug 4 

73GII 

30 21 N 

144 42 

Aug 4 

74GII 

30 41 N 

143 58 

Aug 6 

75GII 

31 02 N 

143 08 

Aug 7 

76GII 

31 05 N 

142 58 

Aug 7 

77GII 

31 07 N 

142 04 

Aug 7 

78GII 

35 23 N 

139 41 

Aug 21 


(Gulf of 

Tokio) 

Sep 6 

79GII 

34 47 N 

139 47 

Sep 7 

80GII 

35 34 N 

143 50 

Sep 8 

81GII 

35 34 N 

143 55 

Sep 8 

82GII 

35 39 N 

147 11 

Sep 10 

83GII 

35 33 N 

148 34 

Sep 10 

84GII 

36 36 N 

150 14 

Sep 11 

85GII 

36 26 N 

151 21 

Sep 11 

86GII 

35 58 N 

151 23 

Sep 12 

87GII 

38 32 N 

149 58 

Sep 13 

88GII 

38 38 N 

149 53 

Sep 13 

89GII 

4149 N 

149 39 

Sep 14 

90GII 

43 04 N 

149 41 

Sep 15 

91GII 

45 27 N 

159 13 

Sep 18 

92GII 

46 07 N 

161 45 

Sep 19 : 

93GXI 

46 07 N 

16146 

Sep 19 

94GII 

44 58 N 

165 44 

Sep 21 

95GII 

45 00 N 

167 33 

Sep 22 

96GII 

44 59 N 

167 40 

Sep 22 




Sep 22 

97GII 

42 14 N 

173 19 

Sep 24 

98GII 

43 19 N 

174 30 

Sep 25 

99G1I 

43 27 N 

174 34 

Sep 25 

100GII 

43 36 N 

174 54 

Sep 26 

101GII 

43 34 N 

174 58 

Sep 26 
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Crossed 180th meridian, hence date, Sept 27, repeated 


Final Results of Ocean Magnetic Observations, 1905-08 
Cruise III, Pacific Ocean, 1906-1908. 
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R3C 


SW 

34 

L 

bo 

16 9 

1 56 N 

2 

16.9 

3627 

2 

Dl 

35 12344 

W 

34 

L 

bo 

14.8 to 18 2 

3 01 N 

3 

14 8 to 18 2 

.3601 

3 

R3C, Dl 

169 2 78 

Swing 

13 

S 

bo 

- 




. 

. 

R3C 


SW 

12 

M 

bo 

17 2 

3 38 NT 

2 

17 2 

3644 

2 

Dl 

169 12754 

w 

12 

M 

bo 

16 6 

5 35 N 

2 

16 7 

3666 

2 

R3C, Dl 

35 12344 

WNW 

4 

S 

bo 

16 1 to 17 1 

12 11 NT 

3 

14 5 to 17 2 

3640 

3 

R3C, Dl 

35 344 

Swing 

13 

M 

bo 

16 7 

16 46 N 

2 

16 6 

3605 

2 

R3C, Dl 

169 12754 

NW 

10 

M 

bo 

16 5 

19 43 N 

2 

16 5 

3572 

2 

Dl 

35 12344 

NNW 

8 

L 

bo 







R3C 


NW 

8 

L 

be 

16 5 to 177 

22 56 N 

3 

14 9 to 17 7 

3551 

3 

R3C, Dl 

169 754 

Swing 

7 

MS 

bo 

16.9 

28 09 NT 

2 

16 8 . 

3498 

2 

R3C, Dl 

169 12754 

N 

16 

M 

bo 







R3C 

. . . 

NW 

14 

M 

bo 


OFrom March 2-14: the Galilee was at Apia. 
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Ocean Magnetic Obseevations, 1905-16 
Cams® III, Pacific Ocean, 1906-1908 — Continued . 


Sta- t 
tion 1 

. Md | 

Long 


Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 


East 
of Gr. 

Date - 

L M T 

Value ^ 

Nt 

L M T 

Value , 

m 

L M T 

Value 1 

wt. 

Compass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 


o t 

O 1 

1907 

h h 

0 / 


h h 

O / 


h h 

eg 8 





o 



56GIII 

22 43 N 

134 21 

Apr 30 




16.7 

31 20 N 

i 

16 7 . 

3425 

1 

D1 

35 1254 1 

NNW 

24 

MR 

be 

57GIII 

23 39 N 

134 OO 

May 1 

65 

1 49 W 

2 



. 




H3C 

. 

N 

16 

S 

bo 

58GII1 

2446 N 

133 26 

May 1 

15 7 to 179 

1 50 W 

3 

15 4 to 18 0 

34 10N 

3 

15 4 to 18 0 

3429 

3 

H3C, D1 

35 1 84 

Swing 

15 

MR 

bo 

59GIII 

27 56 N 

130 20 

May 3 

16 9 

2 48 W 

2 







R3C 


N 

30 

MR 

be 




May 3 




16 9 

40 13 N 

2 

16.9 . 

3360 

2 

D1 

169 1278\ 

NNW 

30 

MR 

bo 

60GIII* 

31 02 K 

122 10 
R ) 

May 31 \ 

l 14 9 to *17 0 

2 48 TV 

3 

Various 

44 50 N 

3 

Various 

3354 

3 

R3C, D1 

35 2 84 

Swings 

0 

S 

oer 

61GIII 

29 56 N 

126 24 

Jun 7 

16 6 

3 0 8 TV 

2 







R3C 


ENE 

14 

s 

oh 




Jun 7 




16 6 

43 46 N 

2 

16 6 

3323 

2 

D1 

35 1254 1 

E 

14 

s 

oh 

62GIII 

29 56 N 

126 27 

Jun 7 

184 

3 07 TV 

2 







R3C 


E 

6 

s 

00 

63GIII 

29 35 N 

127 22 

Jun 8 


. 


16 3 to 18 0 

42 31 N 

2 

16 5 to 17 8 

3337 

2 

D1 

169 1275f 

N, NNE 

4 

s 

bo 




Jun 8 

17 0 

3 13 TV 

2 







R3C 


NNE 

4 

s 

bo 

64GIII 

30 12 N 

133 23 

Jun. 12 

16 4 to 18 4 

3 47 TV 

3 

17 2 to 18 5 

42 49 N 

3 

15 8 to 18 6 

3212 

3 

R3C, D1 

169 78\ 

Swing 

12 

M 

beq 

65GIII 

30 48 N 

146 20 

Jun 16 

17 7 

2 14 TV 

2 

17 5 

42 32 N 

2 

17 6 

3058 

2 

R3C, D1 

35 1254 1 

E 

40 

M 

bo 

66GIII 

35 12 N 

159 36 

Jun 22 

17 6 

1 00 E 

2 

17 5 

46 44 N 

1 

17 5 

2820 

2 

R3C, D1 

169 1275t 

E 

40 

L 

bo 

67GIII 

35 11 N 

161 47 

Jun 23 




171 

47 22 N 

2 

17 1 

2796 

2 

D1 

35 1254 f 

E 

13 

M 

bo 

68GIII 

35 ION 

161 47 

Jun 23 

18 3 

2 14E 

2 

. 






R3C 


E 

10 

S 

bo 

69GIII 

36 55 N 

164 07 

Jun 25 




17 2 to 18 4 

49 33 N 

3 

15.9 to 18 4 

2717 

3 

D1 

35 54 1 

Swing 

20 

S 

00 

70GIII 

36 55 N 

164 07 

Jun 25 

17 4 

2 41 E 

1 







R3C 


S 

30 

s 

oc 

71GIII 

37 07 N 

181 37 

Jul 2 




13 7 

52 20 N 

1 

14 5 

2559 

2 

D1 

1691 

NE 

40 

LR 

fd 

72GIII 

39 34 N 

185 40 

Jul 3 

174 

11 52 E 

2 

17 4 

54 47 N 

2 

17 4 

2519 

2 

R3C, D1 

169 127St 

NE 

10 

M 

fd 

73GIII 

39 39 N 

185 49 

Jul 3 

18 3 

11 55 E 

2 







R3C 


NE 

16 

M 

dr 

74GIII 

41 48 N 

190 10 

Jul 4 

17 6 

13 24 E 

2 

17 4 

57 28 N 

2 

17 4 

2445 

2 

R3C, D1 

35 1234 t 

NE 

6 

M 

fd 

75GIII 

44 01 N 

194 40 

Jul 5 




17 0 

59 42 N 

2 

17 0 

2387 

2 

D1 

169 12781 

NE 

40 

ML 

fd 

76GIII 

45 42 N 

198 56 

Jul 8 




16 4 

61 48 N 

1 

16 4 

2312 

2 

D1 

35 1234 t 

NE 

14 

ML 

fd 

77GIII 

47 46 N 

203 37 

Jul 9 




16 8 

63 59 N 

1 

16 7 

2224 

2 

D1 

169 12781 

NE 

40 

M 

df 

78GIII 

49 30 N 

207 28 

Jul 10 


# 


16 9 

66 01 N 

2 

16 9 

2137 

2 

D1 

35 1234 t 

NE 

10 

M 

fd 

79GIII 

54 05 N 

217 47 

Jul 12 

19 0 

24 07 E 

1 





. 


R3C 


NNE 

16 

R 

b 

80GIII 

57 03 N 
(Off Si 

224 40 
itka) 

Jul 16\ 
Jul 17 J 

Various 

30 05 E 

3 

Various 

74 29 N 

3 

Various 

1571 

3 

R3C, D1 

169 781 

Swings 

0 

S 

bo 




Jul 171 



















Jul 18} 

Various 

30 01 E 

3 

Various 

74 36 N 

3 

Various 

1564 

3 

R3C, D1 

35 234 

Swings 

0 

s 

bco 




Jul 19 j 
















81GIII 

55 42 N 

22107 

Aug 12 

76 

27 55 E 

2 







R3C, D2 

. 

S 

0 

s 

be 

82GIII 

54 37 N 

221 00 

Aug 12 




15 8 

72 31 N 

2 

15 8 

1715 

2 

D2 

189 5654t 

S 

12 

s 

be 

83GIII 

53 48 N 

220 13 1 

Aug 13 





. 


15 6 to 17 0 

1814 

3 

D2 


Swing 

18 

s 

oc 

84GIII 

53 48 N 

220 13 

Aug 13 

15 9 

26 03 E 

X 


. 


. 



R3C 

. . . 

S, SE 


M 

be 

85GIII 

45 25 N 

222 51 

Aug 16 

. 



16 0 to 172 

65 50 N 

3 

16 0 to 18 2 

2212 

3 

D2 

189 34 1 

Swing 

26 

ML 

bco 




Aug 16 

16 3 

22 44E 

1 




. 



R3C 


W 


M 

bo 

86GIII 

43 07 N 

222 47 

Aug 17 

17 3 

20 27 E 

1 

17 2 

63 24 N 

2 

17 3 

2331 

2 

R3C, D2 

169 1273t 

S 

28 

M 

bo 

87GIII 

43 03 N 

222 45 

Aug 17 

18 4 

20 13 E 

2 

! 






R3C, D2 


S, SSE 

0 

S 

bo 

88GIII 

41 09 N 

222 38 

Aug 18 




17 4 

62 21 N 

2 

17 4 

2404 

2 

D2 

189 5634 1 

sw 

16 

S 

0 

89GIII 

39 26 N 

222 30 

Aug 19 

16 2 to 17 3 

18 27 E 

3 

15 8 to 18 4 

60 45 N 

3 

15 9 to 18 4 

2507 

3 

R3C, D2 

169 1 78 

Swing 

32 

s 

be 

90GIII 

36 56 N 

221 59 

Aug 20 

17 3 

17 32 E 

1 

17 3 

58 36 N 

2 

17 4 

2569 

2 

R3C,D2 

189 56341 

SSW 

30 

M 

0 

91GIII 

34 50 N 

219 29 

Aug 21 

17.4 

16 19 E 

1 

17 3 

56 06 N 

2 

17 4 

2651 

2 

R3C, D2 

169 12781 

SSW 

40 

M 

bo 

92GIII 

33 02 N 

216 59 

Aug 22 

16 9 

15 37 E 

2 

17 0 

54 05 N 

2 

17 0 

2692 

2 

R3C, D2 

189 56S4t 

SW 

20 

M 

bo 

93GIII 

31 45 N 

215 18 

Aug 23 

17 1 

14 40 E 

2 

17 0 

52 50 N 

2 

17 0 

2730 

2 

R3C, D2 

169 12781 

SW 

0 

S 

bo 

94GIII 

31 02 N 

214 18 

Aug 24 




8 6 to 10 6 

51 13 N 

3 

8 6 to 10 7 

2755 

3 

D2 

189 584 

Swing 

18 

S 

bo 

95GIII 

30 34 N 

213 46 

Aug 24 

17 4 

13 49 E 

3 


. 



. 


R3C.D2 


SW 


s 

bo 

96GIII 

28 20 N 

21106 

Aug 25 

17 1 

12 56 E 

2 

17 2 

48 46 N 

2 

17 2 

2798 

2 

R3C, D2 

189 56341" 

SW 

6 

MR 

bo 

97GIII 

25 45 N 

208 17 

Aug 26 




16 2 

45 07 N 

1 

16 4 

2840 

1 

D2 

169 12 

s 

46 

R 


98GIII 

22 44 N 

204 57 

Aug 27 

17 6 

10 43 E 

2 

17 4 

41 37 N 

1 

17 6 

2913 

1 

R3C, D2 

169 1278 1 

sw 

34 

MR 

bo 

99GIII 

* 21 16 N 

202 03 

Aug 29 

7 6 to 10 5 

10 37 E 

3 

7 7 to 105 

39 12 N 

3 

7 7 to 10 5 

.2916 

3 

R3C, D2 

189 584 

Swing 

0 

S 

bo 


(Near Honolulu] 

) 
















100GIII 

; 21 SON 

199 12 

Sep 27 

15 9 to 17 0 

10 28 E 

1 







H3C 

. 

N, NW 

30 

MR 

bo 




Sep 27 




15 8 to 17 0 

39 37 N 

3 

15 8 to 17 7 

2909 

3 

D2 

189 34 

Swing 

40 

MR 

bo 

101GIII 

22 55 N 

196 21 

Sep 28 

17.0 

10 34 E 

2 

16 9 

40 58 N 

2 

17 0 

2872 

2 

R3C, D2 

169 12781 

W 

10 

SM 

be 

102G3II 

23 34 N 

193 16 

Sep 29 

16.9 

10 58 E 

2 

16 7 

40 53 N 

2 

16 7 

2858 

2 

R3C, D2 

189 56341 

W 

20 

SM 

be 

103GIII 

27 40 N 

183 47 

Oot 4 




71 

43 02 N 

2 

71 

2799 

2 

D2 

169 12781 

NW 

6 

M 

CO 

104GII1 

26 07 N 

‘ 18110 

Oct 6 




17 0 

40 53 N 

2 

16 9 

2821 

2 

D2 

189 5634 1 

S 

22 

M 

be 

105GII1 

[ 26 03 N 

' 18109 

Oct 6 

17 3 

9 56 E 

2 







R3C,D2 


s 

36 

MR 

bo 

106GII3 

[ 23 22 N 

r 179 27 

' Oct 7 

15 5 to 17 4 

9 45 E 

3 

15 4 to 16 4 

37 02 N 

3 

15 4 to 17 4 

2896 

3 

R3C, D2 

169 781 

Swing 

15 

SM 

be 

107GII1 

[ 20 38 N 

[ 177 48 

l Oct 9 

17 0 

9 10 E 

3 

17 0 

33 03 N 

1 

17 0 

2983 

2 

R3C, D2 

169 12781 

S 

50 

M 

be 

108GII3 

[ 12 32 N 

r 172 36 

1 Oct 12 


. 


5 9 to 80 

19 03 N 

3 

5 9 to 7 8 

3225 

3 

D2 

189 534 

Swing 

20 

M 

bo 




Oct 12 

72 

8 55 E 

1 

, 


. 




R3C 


NW 

20 

M 

bo 

109GII1 

[ 11 34 IS 

\ 172 05 

> Oct 12 

17.6 

8 44 E 

2 

. . 


. 



. 

R3C, D2 


S 

20 

S 

bo 

110GII] 

[ 9 28 IS 

[ 171 13 

; Oct 13 

16.6 

8 40 E 

3 

16 7 . . 

13 07 N 

2 

16 6 

3343 

2 

R3C, D2 

189 56341 

SW 

10 

S 

bo 


♦Local disturbance l May 31, 1907. 
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Cruise III, Pacific Ocean, 1906-1908 — Continued 


Sta- 

tion 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

L. M. 

T. 

Value 


o / 

« / 

1907 

h 

h 

0 / 

111GIII 

5 54 N 

169 39 

Oct 

24 

5 9 to 

93 

8 18 E 


(Jaluit I Lagoon) 






112GIII 

3 36 N 

169 48 

Nov 

12 

16 4 


8 08 E 

113GIII 

1 46 N 

168 47 

Nov 

13 

16 7 


8 25 E 

114GIII 

0 33 N 

168 36 

Nov 

14 

6 0 to 

72 

8 45 E 

115GIII 

0 30 N 

168 34 

Nov 

14 




116GIII 

2 35 S 

168 53 

Nov 

15 

16 8 


8 28 E 

117GIII 

5 24 S 

169 39 

Nov 

16 

16 8 


8 47 E 

118GIII 

7 34 S 

169 06 

Nov 

18 

5 5 to 

68 

8 54 E 

119GIII 

7 36 S 

169 00 

Nov 

18 




120GIII 

9 48 S 

169 22 

Nov 

22 




121GIII 

9 48 S 

169 22 

Nov 

22 

16.6 


8 33 E 

122GIII 

11 49 S 

168 32 

Nov 

23 

16 9 


9 23 E 

123GIII 

13 58 S 

168 23 

Nov 

26 







Nov 

26 

17 0 


9 31 E 

124GIII 

18 45 S 

168 54 

Deo 

1 

. 



125GIII 

21 18 S 

170 18 

Deo 

3 

16 9 


10 20 E 

126GIII 

23 48 S 

170 22 

Deo 

8 




127GIII 

23 53 S 

170 21 

Deo 

8 

18 0 


11 05 E 

128GIII 

25 31 S 

169 42 

Dec 

9 

15.7 to 16 9 

11 25 E 

129GIII 

28 09 S 

170 16 

Deo 

10 

. . 



130GIII 

28 13 S 

170 15 

Deo 

10 

17 5 


12 00 E 

131GIII 

29 45 S 

170 25 

Deo 

11 

17.6 


12 43 E 

132GIII 

30 33 S 

171 18 

Deo 

12 

17 2 


12 35 E 

133GIII 

32 56 S 

170 40 

Deo 

15 




134GIII 

33 01 S 

170 38 

Deo 

15 

17 4 


13 18 E 

135GIII 

36 26 S 

169 27 

Deo 

17 




136GIII 

37 45 S 

170 19 

Deo 

18 

* • • 




137GIII 

40 49 S 

174 38 

Deo 

21 

53 



16 17 E 

138GIII 

40 49 S 

174 38 

Deo 

21 

«... 


. 




1908 




139GIII 

43 32 S 

172 48 

Jan 

2 

15 4 to 18 4 

16 49 E 


(Ofi Lyttelton) 






140GIII 

42 40 S 

182 45 

Jan 

19 

17 5 


16 37 E 

141GIII 

41 41 S 

197 02 

Jan 

22 

. . 



142GIII 

42 02 S 

206 17 

Jan 

24 

18 0 


16 15 E 

143GIII 

42 54 S 

211 38 

Jan 

27 




144GIII 

43 17 S 

212 25 

Jan 

28 

70 


16 49 E 

145GIII 

43 05 S 

214 21 

Jan 

28 

# , 



146GIII 

42 16 S 

223 19 

Jan 

30 

. 



147GIII 

42 10 S 

225 06 

Feb 

1 

. 



148GIII 

42 34 S 

225 48 

Feb 

2 

19 3 


17 06 E 

149GIII 

43 39 S 

227 15 

Feb 

3 

. 



150GIII 

44 57 S 

227 56 

Feb 

4 

76 

. 

18 00 E 

151GIII 

44 51 S 

229 08 

Feb 

5 

6 7 to 

7.6 

18 14 E 

152GIII 

44 48 S 

229 20 

Feb 

5 

« « 



153GIII 

44 01 S 

232 50 

Feb 

6 



. . 

154GIII 

44 00 S 

232 53 

Feb 

6 

17 8 

. 

17 49 E 

155GIII 

38 17 S 

254 11 

Feb 

12 

17 2 


18 34 E 

156GIII 

38 06 S 

254 18 

Feb 

12 

19 0 


18 53 E 

157GIII 

36 37 S 

255 45 

Feb 

13 

17 4 

. 

17 55 E 

158GIII 

37 16 S 

258 32 

Feb 

15 

. 


. 

159GIII 

37 18 S 

258 37 

Feb 

15 

18 9 

. 

18 53 E 

160GIII 

37 01 S 

259 10 

Feb 

17 

6 4 to 

7.4 

19 12 E 

161GIII 

36 53 S 

259 10 

Feb 

17 

. 


. 

162GIII 

34 57 S 

261 28 

Feb 

19 

17 3 


18 25 E 

163GIII 

33 56 S 

263 02 

Feb 

20 

17 4 


17 56 E 

164GIII 

33 33 S 

264 10 

Feb 

21 

. . 



165GIII 

33 32 S 

264 14 

Feb 

21 

18 8 


18 05 E 

166GIII 

30 31 S 

267 00 

Feb 

24 

17 3 

. 

17 02 E 




Feb 

24 

. 


. 

167GIII 

30 28 S 

267 02 

Feb 

24 

17 8 


17 12 E 

168GIII 

26 29 S 

268 03 

Feb 

26 




169GIII 

22 04 S 

270 11 

Feb 

29 

16 9 


13 37 E 

170GIII 

22 00 S 

270 12 

Feb 

29 

17 6 


13 57 E 

171GIII 

18 33 S 

274 09 

Mar 

4 

17 0 


11 52 E 




Mar 

4 

. . . 


.... 



Inclination 

Hor Intensity 

Instruments 

Remarks 

Wt 

L. M. T 

Value 

Wt 

L. M. T 

Value 

Wt 

Compass 

Dip Circle 

Course 

Rol 

Sea 

w 

tb 


h h 

a t 


h h 

Cff 3 





o 



3 

9 5 to 106 

5 53 N 

3 

8.1 to 10,7 

3452 

3 

R3C, D2 

169. 78 \ 

Swing 

O 

S 

bo 

3 

16 5 

0 49 N 

2 

16.4 

3500 

2 

R3C, D2 

169 127<?t 

SW 

4 

S 

bo 

3 

16.7 

2 14 S 

2 

16.7 

3587 

2 

R3C, D2 

189 5684 1 

S 

10 

s 

bo 

3 

. . . 






R3C 


Swing 

0 

s 

bo 

. 

8 2 to 9 2 

5 21 S 

3 

8.2 to 10 8 

3580 

3 

D2 

169 7 8\ 

Swing 

0 

S 

bo 

2 

16.7 

11 40 S 

2 

16.8 

3635 

2 

R3C, D2 

169 1278 1 

S 

10 

s 

be 

2 

16.9 

16 55 S 

2 

16.8 

3665 

2 

R3C, D2 

189 5684 1 

s 

20 

s 

bo 

3 

- 

. 


. 

. 


R3C 


Swmg 

18 

s 

bo 

. 

16.6 

21 57 S 

2 

16.6 

3644 

2 

D2 

169 1278f 

SW 

30 

s 

bo 

- 

15.2 to 16 1 

25 32 S 

3 

15.2 to 17 6 

3652 

3 

D2 

189 54 1 

Swmg 

13 

s 

bo 

2 

. 


. 

. 

. 


R3C, D2 


N 

10 

s 

bo 

2 

16.8 

29 10 S 

2 

16.9 

3639 

2 

R3C, D2 

189 5684 1 

ssw 

20 

s 

bo 

- 

17.0 

33 10 8 

2 

17.0 

3616 

2 

D2 

189 5684 1 

SSE, S 

30 

M 

be 

1 

. . . . 


. 

. 

. 


R3C 


s 

30 

M. 

bo 

. 

15.9 

41 12 S 

2 

16.0 

3482 

2 

D2 

169 1278 1 

SSE t S 

0 

s 

bo 

2 

16.8 

44 31 8 

1 

16 8 . 

3368 

2 

R3C, D2 

189 5684 1 

E 

20 

M 

bo 

- 

16.6 

48 02 8 

2 

16 6 . 

3292 

2 

D2 

169 1278f 

S 

O 

S 

o 

2 

. 


. 

. 

. . 

. 

R3C, D2 

. 

S 

4 

S 

0 

3 

15.6 to 17 9 

50 26 8 

3 

15 6 to 17 8 

3208 

3 

R3C, D2 

109 178 

Swmg 

7 

S 

bo» 

- 

16.7 

53 25 8 

2 

16 8 . 

3086 

2 

D2 

189 5684 1 

S 

24 

s 

o 

1 


. 


. . . . 

. 

. 

R3C 

„ * m # 

S 

20 

s 

00 

2 

17.5 

55 26 S 

2 

17 6 . 

3010 

2 

R3C, D2 

169 1278f 

s 

20 

M 

bo 

1 

17.1 

56 24 8 

2 

171 . 

2942 

2 

R3C, D2 

189 5684 1 

E 

20 

M 

o 


16 6 . 

58 31 8 

2 

166 . 

2854 

2 

D2 

159 1 278f 

S 

4 

M 

b 

2 


. . 


. . 



R3C, D2 


S 

6 

M 

b 


16 8 . 

62 05 S 

2 

16 8 . . 

2657 

2 

D2 

189,56S4t 

s 

6 

S 

o 


17 4 . 

63 21 8 

2 

17 2 

.2601 

2 

D2 

169 1278f 

SE 

4 

S 

o 

2 

. . 

.... 


. . 

. 


R3C, D2 


SW 

0 

s 

bo 


140 . 

65 14 8 

3 

14 0 

2447 

2 

D2 

189 5634t 

s 

0 

s 

b 

3 

15 3 to 18 4 

67 43 S 

3 

15 3 to 18 4 

2279 

3 

R3C, D2 

189 584 

Swing 

0 

s 

b 

1 

17 5 . 

6442 8 

1 

17 5 . 

2419 

1 

R3C, D2 

169 127$t 

NE 

36 

M 

bo 


16 9 . 

6143 S 

1 

171 

2538 

1 

D2 

189 564 

E 

36 

R 

o 

2 

180 . 

60 54 8 

2 

18 0 

2614 

2 

R3C, D2 

189 56841“ 

E 

36 

MR 

b 


15 5 to 16 1 

61 18 S 

3 

14 8 to 16 2 

2618 

3 

D2 

169 78f 

Swing 

10 

S 

<1 

2 

- 

- 


. 



R3C, D2 


SE 

40 

M 

bo 


17 2 . 

60 28 8 

2 

17 3 . 

2626 

2 

D2 

169 1278t 

NE 

30 

M 

od 


16 9 . 

58 45 S 

2 

17 0 

2703 

2 

D2 

189 5684 1 

NE 

10 

S 

oo 


17 0 . 

58 53 8 

2 

171 . 

2705 

2 

D2 

169 1278f 

SE 

18 

S 

0O 

2 

- 

. 


. 



R3C, D2 


SE 

16 

s 

0 


17 1 . 

59 35 8 

2 

171 . 

2655 

2 

D2 

189 5634 1 

SE 

8 

s 

OO 

2 


- 


- 


- 

R3C, D2 


S 

4 

s 

bo 

3 


- 


- 


. 

R3C 


Swing 

18 

MS 

bo 


8 9 to 10 7 

60 33 8 

3 

8 9 to 10 8 

, 2627 

3 

D2 

189.584 

Swing 

20 

8 

bo 


17 5 . 

58 35 8 

2 

17 4 . 

2701 

2 

D2 

169 1278f 

NE 

6 

MB 

o 

2 

- 

- 


. 



R3C, D2 


NE 

6 

MB 

o 

1 

17 2 

50 01 8 

2 

172 . 

2840 

2 

R3C, D2 

189 5684t 

N 

20 

S 

oo 

2 

* 

- 


. 

. 


R3C, D2 


N 

20 

s 

o 

2 

17 4 

47 31 8 

2 

17 3 . 

2883 

2 

R3C, D2 

169 127<Sf 

N 

6 

s 

b 


17 1 . 

48 08 8 

2 

17.1 . 

2833 

2 

D2 

189 5634t 

E 

6 

s 

oo 

2 

• 

* * 


. 



R3C, D2 


E 

8 

s 

oo 

3 


. . 


- 



R3C 

. 

Swing 

0 

s 

bo 


8 5 to 107 

47 19 8 

3 

8 7 to 106 

2836 

3 

D2 

169 178 

Swing 

6 

s 

bo 

2 

17 2 . 

44 21 8 

2 

172 . 

2882 

2 

R3C, D2 

169 1278f 

NNE 

0 

s 

b 

2 

17 4 . 

43 42 8 

2 

174 . 

2827 

2 

R3C, D2 

189 56541“ 

NE 

6 

s 

bo 


17 0 . 

42 29 8 

2 

17.0 . 

2865 

2 

D2 

169 1278f 

ENE 

4 

s 

bo 

2 

• 

- . 


. . . 



R3C, D2 


NE 

10 

s 

bo 

1 

* 

- 






R3C, D2 


N 

6 

MS 

bo 


17 4 . 

38 07 8 

2 

174 . 

2852 

2 

D2 

189 56841“ 

N, NNE 

6 

MS 

bo 

1 

- 

- 


. 



R3C,D2 


N 

6 

MS 

bo 


17 3 

33 20 8 

1 

17 3 

2911 

2 

D2 

169 1278| 

N 

25 

M 

oo 

1 

171 

25 42 8 

1 

17 0 

2917 

2 

R3C, D2 

189 56841“ 

N 

13 

M 

oo 

1 

- 

.... 


. . 

- 


R3C, D2 


N 

16 

M 

oo 

2 

* 

.... 


. ... 



R3C, D2 


NE 

10 

& 

bo 



17 0 . 

18 27 8 

2 

17 0 

2949 

2 

D2 

169 127$t 

ENE 

10 

S 

bo 
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Ocean Magnetic Observations, 1905-16 
Cruise III, Pacific Ocean, 1906-1908 — Concluded. 


Sta- - 
tion 

Latitude 

Long 
East 
of Gr. 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 

L M. T 

Value 

Wt. 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

Compass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 


o / 

o / 

1908 

h h 

0 t 


h h 

0 / 


h h 

c g s 





o 



172GIII 

17 56 S 

275 51 

Mar 5 

172 

11 53 E 

2 

17 1 

17 55 S 

2 

17 0 . 

2929 

2 

R3C, D2 

189 56S4t 

NE 

8 

S 

bo 

173GIII 

17 27 S 

276 58 

Mar 6 

60 to 6 9 

11 50 E 

3 







R3C 


Swing 

6 

s 

b 

174GIII 

17 27 S 

276 59 

Mar 6 




8 Oto 8 6 

15 44 S 

3 

8 0 to 9 8 

2947 

3 

D2 

189 84 1 

Swing 

6 

s 

b 

175GIII 

15 04S 

280 32 

Mar 8 

172 

11 26 E 

2 

17 2 

9 36 S 

2 

17 2 . 

2947 

2 

R3C, D2 

169 1275f 

NE 

13 

M 

be 

176GIII 

13 12 S 

282 34 

Mar 9 

17 2 

9 32 E 

2 

17 1 

5 20 S 

2 

17 1 

2948 

2 

R3C, D2 

189 5634 1 

NNE 

8 

s 

bo 

177GIII 

12 04 S 

1282 47 

Apr 4 

15 2 to 17 8 

9 13 E 

3 

16 5 to 17 8 

3 23 S 

3 

15 2 to 17 8 

2986 

3 

R3C, D2 

169 75 1 

Swing 

0 

s 

bo 


(Off Callao) 

















178GIII 

11 32 S 

281 47! 

Apr 6 




17 0 

3 10 S 

2 

17 0 

2992 

2 

D2 

169 127Sf 

W 

25 

M 

b 




Apr 6 

171 

9 25 E 

2 




. 



R3C, D2 


WN¥ 

25 

M 

b 

179GIII 

11O0S 

279 48 

Apr 7 

17 0 

9 29 E 

1 

16 9 

3 16 S 

2 

16 9 

3014 

2 

R3C, D2 

189 5634t 

WN¥, W 

13 

M 

CO 

180GIII 

10 58 S 

279 42 

Apr 7 

17 7 

9 23 E 

2 


. 


. 



R3C, D2 


WNW 

13 

M 

boo 

181GIII 

10 16 S 

277 26 

Apr 8 




16 7 

2 52 S 

2 

16 7 

3072 

2 

D2 

169 1275f 

W 

35 

M 

bo 

182GIII 

10 15 S 

277 22 

Apr 8 

174 

9 25 E 

2 


. 





R3C, D2 


NW 

35 

M 

bo 

183GIII 

9 33 S 

274 53 

Apr 9 




15 3 to 17 3 

2 29 S 

3 

15 5 to 17 3 

3117 

3 

D2 

189 5 84 

Swing 

30 

M 

bo 

184GIII 

848 S 

272 02 

Apr 10 

17 0 

9 40 E 

2 

17 1 

1 55 S 

2 

17 0 

3160 

2 

R3C, D2 

189 5634t 

NW, W 

30 

M 

bo 

185GIII 

805 S 

269 26 

Apr 11 




16 8 

1 53 S 

1 

16 8 

3196 

2 

D2 

169 1275f 

W 

30 

M 

bo 

186GIII 

6 31 S 

263 45 

Apr 13 

. 



15 2 to 16 8 

0 29 S 

3 

15 2 to 16 8 

3277 

3 

D2 

169 178 

Swing 

33 

M 

00 

187GIII 

6 01 S 

261 30 

Apr 14 

63 

8 44E 

2 







R3C, D2 


wsw 

30 

M 

bo 

188GIII 

541 S 

260 05 

Apr 14 

16 9 

8 59 E 

2 







R3C, D2 


wsw 

20 

M 

bo 




Apr 14 



. 

16 9 

0 05 S 

2 

16 9 . 

3296 

2 

D2 

189 5684t 

w 

30 

M 

bo 

189GIII 

454 S 

255 01 

Apr 16 

16 8 

9 01 E 

2 







R3C, D2 


NW 

35 

M 

bo 




Apr 16 




16 9 

OOIS 

2 

16 8 . 

3313 

2 

D2 

169 1275f 

w 

35 

M 

be 

190GIII 

4 25 S 

252 48 

Apr 17 

15 6 to 17 3 

8 52 E 

3 

15 5 to 16 2 

010N 

3 

15 5 to 17 2 

3359 

3 

R3C, D2 

189 84t 

Swing 

30 

M 

bo 

191GIII 

340 S 

250 59 

Apr 18 

16 8 

8 56 E 

2 


. 





R3C, D2 


WNW 

30 

M 

bo 




Apr 18 




17 0 

013 N 

2 

17 0 

3349 

2 

D2 

189 56S4t 

W 

30 

M 

bo 

192GIII 

1 54 S 

247 03 

Apr 20 




16 9 

4 06 N 

2 

16 8 

3392 

2 

D2 

169 1275 1 

WNW 

30 

M 

00 

193GIII 

0 44 S 

246 32 

Apr 21 

16 9 

8 10E 

2 

16 9 

5 56 N 

2 

16 9 

3407 

2 

R3C, D2 

189 56S4t 

NW 

12 

S 

bo 

194GIII 

0 34 N 

246 47 

Apr 22 

16 9 

8 16 E 

2 

16 9 

8 50 N 

2 

16 9 

3415 

2 

R3C, D2 

169 1275t 

' NW 

30 

s 

bo 

195GIII 

2 30 N 

246 24 

Apr 23 

16 9 

8 04E 

2 

16 9 

12 15 N 

2 

16 9 

3436 

2 

R3C, D2 

189 5634 1 

N 

13 

s 

bo 

196GIII 

SOON 

246 08 

Apr 24 




16 8 

17 38 N 

2 

16 7 

3441 

2 

D2 

169 1275f 

N 

26 

M 

bo 

197GIII 

5 04 isr 

246 08 

Apr 24 

17 5 

7 55E 

2 


. 





R3C, D2 


N 

30 

S 

be 

198GIII 

6 35 N 

246 10 

Apr 25 




16 3 

20 37 N 

1 

16 8 

3435 

1 

D2 

189 5634 1 

N 

25 

M 

be 

199GIII 

11 42 N 

246 04 

Apr 30 

66 

8 35 E 

2 


. 





R3C, D2 


NE 


S 

bo 

200GIII 

12 43 N 

245 43 

May 1 

60 

9 06 E 

2 


. 


. . 



R3C, D2 


NW 


M 

bo 

201GIII 

13 04 IT 

245 20 

May 1 




16 0 

32 01 N 

2 

16 0 

3400 

2 

D2 

169 1275f 

WNW 

10 

r. 

ber 

202GIII 

13 56 1ST 

243 40 

May 2 

. 


. 

16 6 . 

33 20 N 

2 

16 6 

3371 

2 

D2 

189 56S4t 

WNW 

8 

s 

00 

203GIII 

16 33 1ST 

240 12 

May 4 



. 

13 2 to 13 8 

37 03 NT 

3 

13 2 to 14 6 

3308 

3 

D2 

169 75f 

Swing 

15 

s 

CO 

204GIII 

16 44 1ST 

239 52 

May 4 

18 0 

10 02 E 

2 


. . 





R3C, D2 


WNW 

10 

SM 

bo 

205GIII 

17 56 N 

237 59 

May 5 

i 16 8 

io he 

2 

16 9 

38 58 N 

2 

16 8 

3255 

2 

R3C, D2 

169 1275f 

WNW 

10 

SM 

bo 

206GIII 

18 51 N 

235 53 

May 6 




16 4 

40 18 NT 

2 

16 3 

3216 

2 

D2 

189 5634t 

WNW 

10 

M 

ocr 

207GIII 

28 06 N 

226 00 

May 11 


. 


16 6 

50 05 NT 

2 

16 6 

2889 

2 

D2 

169 1275f 

w 

13 

SM 

00 

208GIIX 

29 34 N 

224 20 

May 12 

- 



16 7 

51 37 N 

2 

16 7 

2832 

2 

D2 

189 5634t 

WNW 

6 

s 

oar 

209GIII 

30 21 N 

223 38 

May 13 

180 

14 31 E 

2 







R3C, D2 


WNW 

0 

s 

bo 

210GIII 

31 28 N 

222 49 

May 16 




15 9 to 17 2 

53 20 N 

3 

15 6 to 17 2 

2779 

3 

D2 

189 5 84 

Swing 

0 

s 

cog 

211GIII 

31 35 N 

222 53 

May 16 

18 3 

14 29 E 

2 

. 






R3C, D2 


N 

o 

s 

be 

212GIII 

37 47 N 

232 49 

May 20 

16 8 

17 20 E 

2 

16 8 

61 16 N 

2 

16 8 

2546 

2 

R3C, D2 

169 1275f 

NE 

10 

s 

bo 

213GIII 

37 51 N 

1 237 37 

May 23 

7 8 to 10 1 

17 58 E 

3 

7 8 to 10 1 

62 04 N 

3 

7 8 to 10 2 

2528 

3 

R3C, D2 

169 178 

Swing 

o 

s 

bo 


(San. Francisco 

May 25 

5 4to 7 6 

17 58 E 

3 

5 4 to 6 6 

62 05 N 

3 

5 4 to 7 7 

2518 

3 

R3C, D2 

189 34f 

Swing 

o 

s 

b 


Bay) 

May 28 

5 0 to 8 4 

17 57 E 

3 

7 5 to 9 7 

62 07 N 

3 

5 Oto 9 7 

2524 

3 

R3C, D2 

189 534 

Swing 

0 

s 

b 



SHORE MAGNETIC OBSERVATIONS FOR THE GALILEE WORK, 1905-1908. 

EXPLANATORY REMARKS. 

The following results of shore magnetic observations, made in the course of 
the Galilee work of 1905 to 1908, are extracted from Volume I, pages 69, 72, 75, 
87, 89, 90, 94, 98, 99, 100, using the same conventions as in that volume, to which 
reference should be made if fuller information is desired. (See also pages 93 and 94 
of present volume.) These shore results were usually obtained in connection with 
the comparisons of ship and land instruments made at every port of call of the 
vessel. Sometimes additional observations were made, in view of the disclosure 
of local magnetic disturbances, or for the purpose of obtaining secular-variation 
data. The last column, headed “Obs’r” (Observer), shows the particular cruise of 
the Galilee on which the results were obtained. Thus GI, GII, and GUI, stand, 
respectively, for Galilee Cruise I, Galilee Cruise II, and Galilee Cruise III. 

When the number of an instrument in the magnetometer column is italicized, it 
means that a dip circle was used to get the declination and horizontal intensity, 
the former by the means of the compass attachment and the latter by the total- 
intensity method. 

RESULTS OF SHORE MAGNETIC OBSERVATIONS, 1905-1908. 

ASIA. 

CHINA. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Declmati 

an 

Inclination 

Hor Intensity 

Instruments 

Obs'r 

Local Mean Time 

Value 

L M T 

Value 

L M. T 

Value 

Mag’r 

Dip Circle 


O f 

o / 


h h h 

0 / 

h h 

o / 

h h 

cos 




Woosung, 18 

3122 N 

121 31 

May 21, ’07 

110, 12 2 

2 52 1 W 

12 6 

45 36 4 N 

115 

33117 

1 

178 12 

G III 

Woosung, 12 

31 21 4 N 

121 30 

May 21, 07 

15 0, 16 4, 17 0 

2 49 8 W 

17 7 

45 32 0 N 

15 5, 16 0 

33202 

1 

178 12 

GUI 




May 23, 07 



9 5 (wt $ ) 

45 27 3 N 




35 12 

G III 

Zikawei Obs’y, Absolute 













House 

31 11 5 N 

121 26 

May 14, 07 

14 0, 15 4 

2 36 6 W 



14 5, 15 0 

33087 

1 


GUI 




May 15, 07 



15 1 

45 359 N 

. 



35 12 

GUI 




May 15, 07 

- 


17 0 

45 41 9 N 




169 12 

GUI 




May 17, 07 



9 7, 110 

45 35 0 N 

. 



35.12 

GUI 




May 17, 07 



16 5 

45 41 3 N 


, 


169 12 

GUI 




May 18, 07 



92 

45 36 9 N 




178 12 

GUI 

Zikawei Obs’y, iV 

31 11 5 N 

121 26 

May 14, 07 

10 1, 116 

2 35 6 W 

16 4 

45 38 6 N 

10 6, 111 

33048 

1 

17812 

G III 




May 15, 07 

10 8, 12 0 

2 38 4 W 



11.2, 11 7 

33096 

1 


GUI 




May 17, 07 

. 


10 2, 115 

45 39 8 N 

, 



169 12 

GUI 




May 18, 07 

* 


112 

45 36 8 N 



•* 

17812 

GUI 


Japan-. 


Tokio 

0 / 

35 42 N 

O f 

139 46 

Aug 15, ’06 

h h 

16 4, 17 9 

Tokio, Secondary 

3542 N 

139 46 

Aug 16, 06 
Sep 3, 06 
Aug 15, 06 

9 7, 112 
14 1, 16 0 

Kisarazu . . . 

3523 N 

139 55 

Aug 16, 06 
Aug 19, 06 

9 0, 103 

Kis&r&zu, Secondary 

35 23 N 

139 55 

Aug 19, 06 

• * • 

Sugita . ... 

3522 7N 

139 38 

Aug 20, 06 

114, 12 6 

Sugita, Secondary 

35 22 7 N 

139 38 

Aug 20, 06 

! 


0 t 

h A 

9 / 

h h 

c.g s 


4 42 8 W 

. . 

. . 

16 9, 17 5 

30056 

36 

4 45 0 W 

12 6 . 

48 52 1 N 

10 1, 10 9 

.30044 

36 

4 42 9 W 

16 8 

10 2, 118 

48 502 N 
48 52 4 NT 

14 7, 15.6 

.30068 

36 

4 41 4 W 

94 

48 269 N 

9 4, 10 0 

.30085 

36 

4 55 3 W 

117 

48 31 6 NT 

11 7, 12.2 

.30106 

36 


178 1256 

QQ 

►-< M 

, 

GII 

35 25 

GII 

35 25 

GII 


GII 

178 1256 

GII 

. 

GII 

178 56 

GII 


105 
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Ocean Magnetic Observations, 1905-16 


AUSTRALASIA. 


New Zealand. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Local Mean Time 

"Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 

Christ church, Absolute 

o / 

0 / 



h 

h h 

a t 

h 

h 

a / 

h 

h 

c g s 



Magnetic Observatory . . 

43 31 8 S 

172 37 

Dec 

31, ’07 

15 6, 

17 4 . 

16 35 8E 

. 

. . 

. 

16 6 


22618 

4 





Jan 

3,08 

15 3, 

171 

16 36 9 E 

, . 

. 

... 

16 1 

. 

22624 

4 





Jan 

6,08 

15 7 


16 409 E 

12 6 


67 50 7 S 

16 5 

. 

22615 

4 

178 12 

Christchurch Observatory, 
















Brass Pipe 

43 31 8 S 

172 37 

Dec 

30, 07 


. 

. . 

16 0 


67 50 7 S 

. 




178 12 




Dec 

31,07 

113, 

131 

16 36 2 E 



... 

12 2 

. 

22578 

4 

. . 




Jan 

3,08 


. 

. 

12 4 


67 51 9 S 





189 56 




Jan 

4, 08 

113, 

12 9 

16 37 6 E 


. 

. . 

12 0, 

151 

22615 

4 


Christchurch Observatory, 
















near Brass Pipe 

43 31 8 S 

172 37 

Dec 

31,07 


. 


10 9, 

118 

67 52 6 S 





169 12 




Dec 

31,07 

. 

. 

. 

15 4, 

16 4 

67 51 0 S 





169 12 

Christchurch Observatory, 
















Peg A 

43 31 8 S 

172 37 

Jan 

3, 08 


. 

. 

151, 

16 5 

67 50 2 S 

• . • 



, 

189 56 




Jan 

3,08 



... 

17 7 


67 52 0 S 

a • 



. 

178 12 

New Brighton Beach 

43 31 8 S 

172 44 

Jan 

9,08 

115, 

131 

16 46 8 E 

154 


67 49 1 S 

12 0, 

12 7 

22692 

4 

178 12 


Obs'r 


QIH 

GUI 

GUI 

GUI 

GUI 

GUI 

giii 


giii 

GIII 



GIII 


NORTH AMERICA. 

United States. 


h h 

eg s 

14 4, 15 0 

15546 

9 7, 10 3 

15524 

16 6, 17 3 

15520 

9 9, 10 6 

15529 

16 0, 16.7 

15516 

15 0, 15 7 

15566 

9 6, 10 3 

15562 

14 0, 14 9 

15546 

13 8, 14 6 

15547 

9 0. 9 9 

15576 

11 0, 11 6 

15552 

13 8, 14 4 

15564 

15.0, 15 7 

15676 

11 1, 12 1 

21793 


21808 


21781 


1 

178 12 

1 

178 12 


35 12 


35 12 


169 12 

. 

169 12 

4 

. 

4 

. 

4 

, 


189 56 


189 56 


189 56 


189 56 

1 

. , 

1 

178 12 


178 12 

4 

. 

4 


4 


4 

. 

4 

. 

1 


. 

178 12 

36 

169 12 


171 12 

36 

169 12 

. 

171 12 

30 



178 12 


178 56 


4655 34 


178 1256 


4655 34 


178 12 


178 56 


178 12 

36 


. 

178 12 


178 56 

. 

4655 34 

. . . 

178 1256 


4655 34 


G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 


II 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 
II] 

III 
II 
II 


II 

II 

II 

II 

II 

II 

II 


II 

II 

II 


I 


II 
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Station 

Latitude 

Long 
East 
of Gr 

Date 

San Rafael, C &Q S *97, 

0 / 

0 / 


Magnetometer Station 

37 58 6 N 

237 27 

Jul 27/05 
May 26, 08 
May 27, 08 

San Rafael, C &G 8 '$7, 




Dip Station 

37 58 6 N 

237 27 

Jul 27,05 
May 27, 08 

San Rafael, North Pier 

37 58 6 N 

237 27 

May 27, 08 
May 26, 08 

Berkeley . . 

37 52 2 N 

237 44 

Jul 25, 05 

Goat Island, San Fran Bay 

37 48 7 N 

237 38 

Jul 14, 05 
Jul 14,05 
Jul 15-21 
Jul 22,05 
May 29, 08 
May 29, 08 
May 30, 08 
May 26-27 

Goat Island, First 




Secondary 

37 48 7 N 

237 38 

May 30, 08 
May 30, 08 

San Francisco, Presidio 1 

37 47 5N 

237 32 

Jul 17, 05 

San Diego III . 

32 44 7 N 

242 48 

Aug 21, 05 
Dec 14, 05 
Dec 15, 05 

San Diego, C AG S 1897 

3242 N 

242 46 

Aug 14, 05 
Aug 14,05 

San Diego, II 

32 40.9 N 

242 48 

Aug 19,05 

San Diego, I 

32 40 8 N 

242 47 

Aug 16, 05 
Aug 17, 05 
Aug 21, 05 
Dec 16,05 
Dec 18,05 
Jan 20 to 
Feb 3,06 
Jan 23, 06 
J an 24, 06 
Jan 29, 06 
Feb 24,06 
Oct 25,06 
Oct 27,06 
Oct 27,06 
Dec 5 to 
Dec 11, 06 
Dec 17,06 

San Diego, Secondary 

32 40.8 N 

242 47 

Dec 5 to 
Dec 8,06 


Declination 

Inclination 

Hor Intensity 

Instruments 


Local Mean Time 

Value 

L M r 

Value 

L M.T. 

Value 

Mag’r 

Dip Circle 


h h h 

0 / 

h h 

o r 

h h 

c o • 




9 0, 11 4 . 

17 38 6 E 

12 6 

62 13 9 N 

10 1, 11.0 

.25157 

36 

171 12 

GI 

13 0, 15 4 . 

17 50 6 E 



13 6, 14 8 

25100 

4 


Gill 

112, 12 0 

17 52 0 E 

* • 


10 7, 11 5 

.25138 

4 


am 



13 6, 14 0 

02 13.0 N 




171 12 

GI 

. 


89, 16 0 

62 14 8 N 

. 

. 


178 12 

GUI 

13 4, 15 1 

17 51 3 E 


. 

13 8, 14 a 

25120 

4 


GUI 

. . 


16 5 

62 16 8 N 


. . 


178 12 

giii 

110 . . . , 

17 32 3 E 

11 7 13 1 

62 10 2 N 

12.5, 13 8 

£5216 

169 

169 12 

GI 

10 2, 12 0 

17 34 2 E 



10 9, 11 8 

25256 

36 


GI 

13 2, 15 0 

17 34 0 E 

, 


13 8, 14 8 

.25299 

36 


GI 

. . , 

. 

Various 

62 06.0 N 

. 



Various 

GI 

113, 13 5 

17 36 2 E 



12 2. 13 2 

25276 

36 


GI 

101, 11.7 

17 50 6 E 


. « 

10 5, 11 2 

25225 

4 


GIII 

12 8 r 14 3 

17 47 8 E 

9 1 15 1 

62 05 6 N 

13 2, 13 9 

25252 

4 

178 12 

GIII 

116, 15.0 

17 52 1 E 

16 2 . 

62 05 0 N 

12 4. 14 3 

25234 

4 

178 12 

GIII 

• • 


Various 

62 05.3 N 




Various 

GIII 

, . 

.... 

14 0 

62 05 8 N 




178 12 

GIII 

. 

. . 

12 6, 14 9 

62 06 5 N 




189 56 

GIII 

15 0 

16 55 2 E 

13 6 

62 43 0 N 

14 3 . 

£4-878 

169 

169 12 

GI 

15 8 16 0 

14 38 8 E 

. 





30 


G I 

10 9, 13 3 

14 40 4 E 

1 

14 8 

58 03.4 N 

11 8, 12.8 

27693 

36 

171 12 

G I 

. 


9 5 (wt i) 

58 07 4 N 




169 12 

G I 

11 2, 13.8 

13 58 7 E 

14 5 (wt *) 

58 09 2N 

11.6, 12 4 

27675 

36 

169 12 

G I 

. 


16 0 

58 04 7 N 




171.12 

G I 

13 9, 15 4 

14 27.6 E 

11 5 

58 02 5N 

14 3, 15 0 

27680 

36 

171 12 

G I 

14 4, 15 7 . 

1440 8E 

11 4 

58 05 4 N 

14 7, 15 3 

27730 

36 

171 12 

G I 

. . 


10 8 (wt f) 

58 06 4 N 


. . 


169 12 

G I 

10 2, 10 7 

1440 2E 




# 

36 


G I 

13 7 

1441 9 E 

12 1 

58 05 0 N 

14 1, 14 7 

.27734 

36 

171 12 

G I 

'i 


12 1 (wt i) 

58 08 0 N 

. 



169.12 

G I 

)• 

. 

Various 

58 05 9 N 



. 

Various 

G II 

13 2, 14 8 . 

1443 2E 





30 


G II 

10 2, 12 3, 13 6 

14 44 8 E 



10 8, 11 8 

27714 

36 


G II 

10 8, 14 6 

1444 6E 


. 

11 8, 13 9 

.27726 

36 


on 

10 1. 14 6 

14 41 6 E 



10 4, 14 1 

27678 

36 


G II 

- 


16 4 

58 05 8 N 




178.1256 

G II 

10 0, 11 5 

14 45 8 E 


. 

10 4, 11 2 

.27682 

36 


G II 

13 4, 14 7 

14 45 4 E 

- 

. . 

13 7, 14 3 

27702 

36 

. 

G II 

}• • • 


Various (8) 

58 06.0 N 




f 35 12 <fc 

}g II 

J 







1 178 1256 


15 7, 16 6 

> 

14 47 2 E 

. 


. 


1 


GIII 

f Various (6) 

14 46 6 E 

Various (6) 

58 06.3 N 



[85 <fc 

35 12 & 

|g III 

J 






1 178 

178 1250 



SOUTH AMERICA. 

Peru. 


San Lorenzo Island 
San Lorenzo Island, £ 


o r 

O f 


h h h 

0 / 

h h 

0 / 

h h 

c g.s 



1205 3 S 

282 46 

Mar 14/08 

12 0, 14 0 

9 17.6 E 

16 6 

3 27 8 8 

12.6, 13.5 

.29894 

4 

178.12 



Mar 16, 08 

. 

. . . 

11 3 

3 26.9 8 




178 12 



Mar 17, 08 

10 3, 11 4 . 

9 16.8 E 



10 9 

29915 

4 


1205 3 S 

282 46 

Mar 13, 08 

. 

.... 

12 5, 13 4 

316.0 8 




178 12 



Mar 13, 08 

. 

.... 

15 6 (wt |) 

31098 




109 12 



Mar 14, 08 

15 4, 16 4 . 

9 19.6 E 



15 9 

29866 

4 



Gin 
Gin 
g in 

G III 
GUI 
G III 


party m 1916 
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ISLANDS, PACIFIC OCEAN. 

Caroline Island. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M. T 

Value 

L M T 

Value 

Mag'r 

Dip Circle 


0 / 

o r 


h h h 

0 / 

h h 

o / 

h h 

eg 8 




Yap Island 

9 31.4 N 

138 12 

Apr 17/07 

12 0, 13 0 

2 03 4 E 

16 9 

6 15 5 N 

12 3, 12 7 

36816 

1 

35 12 

giii 




Apr 17,07 

14 4 

2 01 IE 


. 

. 


SS 


giii 




Apr 18,07 

12 6 

2 02 9 E 

10 3 

6 10 ON 



SS 

178 12 

GIII 




Apr 18,07 

. 


13 5, 14 9 

6 08 9 N 




35 12 

GIII 




Apr 18,07 



15 6 

6 05 2 N 




35 12 

GIII 

Yap Island, W 

931 4N 

138 12 

Apr 16,07 

114 

2 03 7 E 

14 7 

6 12 7 N 



1 

178 12 

GIII 




Apr 17,07 

66 

2 04 2 E 

10 4 

6 11 5 N 

. . 


SS 

35 12 

GIII 




Apr 17,07 



12 9 

6 08 8 N 




169 12 

GIII 




Apr 18,07 



10 3 

6 09 2 N 




169 12 

GIII 

Y ap Island, E 

931 4N 

138 12 

Apr 16,07 

11 9, 12 6, 13 3 

2 04 9 E 



14 5, 15 0 

36744 

1 


GIII 




Apr 17,07 



12 3 

6 08 IN 




178 12 

GIII 




Apr 18,07 

9 5, 10 4 . 

2 06 2 E 

16 4 

6 09 8 N 

9 7, 101 

36771 

1 

169 12 

GIII 


Fanning Island 



O / 

o r 



h h h 

o / 

h h 

0 / 

h h 

CQ 8 




Fanning Island 

3 54.5 N 

200 37 

Oct 

11, '05 

10 4, 12 2 

7 39 5 E 

15 7 

10 47 2 N 

10 8, 118 

34124 

36 

171 12 

G I 




Apr 

2, 06 

141, 15 8 

7 43 8 E 



14 6, 15 4 

34087 

36 


G II 




Apr 

3, 06 

14 6, 16 2 

7 44 4 E 



15 0, 15 8 

34093 

36 

. 

G II 




Apr 

5, 06 



12 4 

10 45 6 N 




178 12 

G II 

Fanning Island, Secondary 

3 54.5 N 

200 37 

Apr 

2. 06 



16 8 

10 49 4 N 

. 



178 12 

G II 




Apr 

3, 06 



13 4 

10 48 6 N 




178 12 

G II 




Apr 

5, 06 

10 3, 14 5 

7 43 7 E 



10 8, 14 2 

34100 

36 


G II 


Fiji Islands 



0 / 

0 t 


h h h 

o t 

h h 1 

o / 

h h 

eg s 




Suva Vou 

18 07 IS 

178 25 

May 20/06 

110, 12 6 

10 28 4E 



113, 12 3 

34868 

36 


G II 

Suva Vou, B . 

18 07 IS 

178 25 

May 20, 06 



114 

38 04 9 S 




171 12 

G II 


Hawaiian Islands 



o / 

o ' 



h h 

h 

o t 

h h 

O f 

h h 

eg s 




Sisal, Honolulu Magnetic 

21 19 2 N 

201 56 

Sep 

19/05 

9 0, 110 


9 23 4E 

14 3 

40 04 2 N 

9 6, 10 6 

29176 

36 

169 12 

G I 

Observatory 



Sep 

19,05 

. 



15 4 (wt 2) 

40 08 2 N 




171 12 

G I 




Sep 

21,05 




10 5 

40 02 0 N 


* „ ; 


169 12 

G I 




Nov 

8,05 

. 


. 

13 9, 15 4 

40 05 0 N 

. 

. 


169 12 

G I 




Sep 

3, 07 




16 0 

40 00 7 N 

. 



169 12 

GIII 




Sep 

4,07 

13.9, 15 6 


9229E 

14 0 . 

4001 7N 

14 7, 16 4 

29163 

4 

169 12 

GIII 




Sep 

6,07 

10.0, 13 4, 

15 0 

9 25 6 E 



10.8, 14 1 

29163 

4 


GIII 




Sep 

7,07 

9.5, 11 1, 

14 7 

9 23 9 E 



10 1, 13 9 

29172 

4 


GIII 




Sep 

9,07 






11 2, 13 7 

29176 

4 


GIII 

Sisal, A 

21 19 2N 

201 56 

Sep 

3,07 




14 4 (wt i) 

39 55 7 N 




189 56 

GIII 




Sep 

4, 07 




8 9 (wt i) 

40 00 3 N 


. 


169 12 

GIII 




Sep 

5, 07 

10 3, 14 5, 

161 

9 25 IE 

9 0, 15 3 

39 57 6 N 

11 1, 13 9 

29167 

4 

178 12 

GIII 




Sep 

6,07 




8 9, 15 8 

39 56 8 N 

* 



178 12 

GIII 




Sep 

9,07 

13 1, 14 5 


923 2E 

• • 




4 


GIII 

Sisal, B 

21 19 2N 

201 56 

Sep 

4, 07 




15 8 

39 55 8 N 




189 56 

GIII 




Sep 

6,07 




10.7, 13 8 

39 55 0 N 

* 

• 

• 

189 56 

GIII 

Marianas. 




& / 

o r 



h h 

h 

0 / 

h h 

o t 

h h 

c g s 




Guam, Cabras Island . . 

1328 N 

144 40 

Jul 

16/06 

10 8, 12 6 


2 14 8 E 

14.4 

1415.0 N 

11 5, 12.3 

34990 

36 

178 56 

G II 

Guam, Cabras Island, 















Secondary . 

1328 N 

144 40 

Jul 

16,06 

. 

. 

. 

11 1 

1420.9 N 

. 



35 25 

EE1 

Guam, Oxote Point 

1327 N 

144 37 

Jul 

17,06 

10 7, 12 0 

. 

211 6 E 

14 3 

14 14.7 N 

11 0, 11.7 

35007 

36 

178.56 

mm 




Jul 

19,06 

. 

. 

. . 

10 7 (wt 4) 

14 16.0 N 

. . 



35.25 

rafl 

Guam, Orote Point, 















Secondary . 

1327 N 

144 37 

Jul 

17,06 

. 

. 

. 

11 4 (wt *) 

14 18 4N 




35.25 

G II 




Jul 

19,06 

9 9, 11.3 

* * 

211 IE 

14 0 

14 14.8 N 

10 3, 11.0 

35028 

36 

178 56 

G II 
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Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


0 r 

0 / 


h h h 

0 t 

h h 

e» t 

h h 

c g 8 




Nukahiva Island, 8 * 

8 54 S 

219 55 

Jan 19, ’07 

10 4, 118 

8 13 4 E 

15 1 

13 34 8 S 

10 8, 11 4 

34222 

1 

178 12 

GUI 




Jan 21,07 

. 


11 1, 14 4 

13 35 8 S 




35 12 

giii 

Nukahiva Island, 8 i* 

8 54 S 

219 55 

Jan 19,07 

14 9, 16 0 

8 21 2 E 

13 0 

14 38 7 S 

15 3, 15 7 

34444 

1 

178 12 

giii 

Nukahiva Island, 82 * 

854 S 

219 55 

Jan 19,07 

14 2, 12 4 

7 20 0 E 

10 7 

15 28 6 S 

13 0, 13 8 

33460 

1 

178 12 

GUI 

Nukahiva Island, 8 

8 54 S 

219 54 

Jan 23, 07 

110, 12 4 

8 19 0 E 

15 6 

15 19 4 S 

114, 12 0 

33505 

1 

17812 

GIII 




Jan 23, 07 

13 2, 14 4 

8 19 9 E 



13 6, 141 

33468 

1 


GUI 

Nukahiva Island, 81 

854 S 

219 54 

Jan 22, 07 

110, 115 

8 18 7 E 





1 


GIII 

Nukahiva Island, 82 

8 54 S 

219 54 

Jan 22, 07 

12 3 

8 20 6 E 


• 



1 


GIII 

Marshall Islands 


0 t 

0 t 


h h h 

0 / 

h h 

0 t 

h h 

c g s. 




Jaluit Island 

5 54 4 N 

169 39 

Jun 22, ’06 

10 5, 10 8, 12 9 

8 17 IE 



114, 12 2 

34421 

36 


G II 




Jun 25, 06 

. 


10 8, 15 0 

6110N 




35 25 

G II 




Jun 26, 06 



14 5 

6 11 0 N 

, 



178 56 

G II 




Oct 23, 07 

13 8, 16 2 

8 15 4 E 

16 7 

6 11 ON 

14 9 

34374 

4 

17812 

GIII 




Oct 24, 07 

14 5, 16 8 

8 16 6 E 

15 0, 16 4 

6 05 6 N 

15 2, 16 3 

34397 

4 

169,12 

GIII 




Oct 25, 07 

. 


14 9 

6 05 IN 




16912 

GIII 

Jaluit Island, Secondary 

5544N 

169 39 

Jun 22, 06 


. 

15 6 

6 14 0 N 




17812 

G II 




Jun 25, 06 

114, 15 5 

8 17 4 E 



141, 15 0 

34448 

36 


G II 




Jun 29, 06 



89 

6 13 IN 




35.25 

G II 

Jaluit Island, Secondary £ 

5 544N 

159 39 

Oct 23, 07 

141 

8 13 9 E 

114, 13 1 

6 09 2 N 



178 

17812 

GIII 

Jaluit Island, XXX 

5 529N 

169 36 

Jun 29, 06 

10 0 

8 21 4 E 



10 4 

34664 

36 


G II 

Jaluit Island, XXX , 













Secondary 

5 529N 

169 36 

Jun 29, 06 



10 4 

6 084 N 




178 5 

G II 



Samoan- Islands 


0 / 

0 / 


h h h 

0 * 

h h 

0 / 

k h 

c g s 




Apia, Observatory 

13 48 4 S 

188 14 

May 3, ’06 

8 6, 10 5 

9 36 5 E 

17 0 

29 16 1 S l 

9 0, 10 0 

.35699 

36 

17112 

G II 




May 4, 06 



82 

29 13 9 S 1 




171 12 

G II 




May 8, 06 



95 

29 12 6 S l 




171 12 

G II 

Apia, North Pier . 

13 48 4 S 

188 14 

May 3, 06 

- 


9 0, 16 9 

29 15 6 S 




178 1256 

G II 




May 4, 06 

. 


8 4, 9 4 

29 14 4 S 




178 1256 

G II 

Apia, East Pier 

13 48 4 S 

188 14 

May 3,06 



88, 15 9 

29 13 4 S 




35 25 

G II 




May 4, 06 



85 

29 14 8 S 




35 25 

G II 




May 4, 06 



161, 17 2 

29 12 7 S 




178 1256 

G II 

Apia, Stum 

13 48 4 S 

188 14 

Mar 5, 07 



118, 12 6 

29 16 2 S 




17812 

GIII 




Mar 6, 07 

10 8, 118 

9 36 0 E 

14 4 

29 16 4 S 

111, 11 5 

35632 

1 

17812 

GIII 




Mar 6,07 



15 9, 17 2 

29 15 0 S 




35 12 

GIII 




Mar 7,07 

14 6, 15 6 

9 38 0 E 

118 

29 15 6 8 

14 9, 15 3 

35678 

1 

178 12 

GIII 




Mar 7,07 

. 


13 6 

29 13 4 S 




3512 

GIII 




Mar 7, 07 

. 


9 6, 10 8 

29 12 7 S 




169 12 

GIII 

Apia, West Pier 

13 48 4 S 

188 14 

Mar 5,07 

13 6, 14 5 

9 33 2 E 

114 

29 12 2 S 

13 9, 14 3 

35636 

1 

35 12 

GIII 




Mar 5,07 



15 9 

29 11 0 S 




169.12 

GIII 




Mar 5, 07 



17 1 

29 15 4 S 




17812 

GIII 




Mar 6,07 

8 3, 151 

9 42 9 E 

91 

29 16 3 S 



SB 

169.12 

GIII 




Mar 7,07 

* 


14 5 

29 15 3 S 




16912 

GIII 


'•'Local disturbance 

These values have been increased numerically by 4' on account of artificial disturbance, the value of the correction vras given by Dr Angenheister, of the 
Apia Observatory 
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Station 


Motu TJta* 

Motu TJta, 1* 
Papeete* 

Papeete, Secondary * 
Small Coral Island* 


Small Coral Island, 1* 
Small Coral Island, 


Society Islands 


Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T. 

Value 

L M T 

Value 

Mag’r 

Dip Circle 

0 / 

0 / 



h 

h h 

0 / 

h 

h 

O ! 

h 

h 





17 31 6 S 

210 26 

Feb 

6, ’07 

9.8 


940 IE 







1 


O TTI 

17 31 6 S 

210 26 

Feb 

6, 07 

11.0 

. 

9 50 9 E 




11 5 


33459 

1 


G III 

17 31 8 S 

210 27 

Feb 

2, 07 

10.6, 

121 

7 40 2 E 

14 1 


30 22 3S 

11.1, 

118 

33758 

1 

178 12 

Gill 

17 31 8 S 

210 27 

Feb 

2,07 

13 2, 

14 6 

7508E 

11 7 


29 48 4 S 

13 6, 

14 3 

33756 

1 

178 12 

G III 

17 32 S 

210 25 

Feb 

6,07 

15.2 


9 37 3 E 


. 





1 


G III 



Feb 

7,07 

11 1 

. . 

9 38 IE 

14 5 


29 25 6 S 




1 

178 12 

GUI 



Feb 

8, 07 


- 


11 5 

. 

29 25 8 S 





169 12 

GUI 



Feb 

8,07 

- 



14 3 


29 25 9 S 





35 12 

GUI 



Feb 

11,07 

* 



10 6, 

12 0 

29 22 8 S 





169 12 

Gill 



Feb 

11,07 

. 


. 

13 7 


29 23 2 S 





169 12 

GUI 



Feb 

12,07 

11 4, 

12 7 

9 40 7 E 




118, 

12 4 

34060 

1 


G III 

17 32 S 

210 25 

Feb 

6,07 

15 8 

. 

9 39 IE 







1 


G III 



Feb 

7, 07 

. 

. 


96 


29 24 4 S 





178 12 

G III 

17 32 S 

210 25 

Feb 

6,07 

16 2 


9 39 8 E 







1 


G III 



Feb 

7, 07 



. 

114 


29 245 S 





178 12 

GUI 



Feb 

8, 07 


. 


10 8, 

12 2 

29 19 6 S 





35 12 

GUI 



Feb 

8, 07 


. 


14 2 


29 28 0 S 





169 12 

GUI 



Feb 

9,07 


. 

. 

10 6, 

13 8 

29 29 8 S 





35 12 

GUI 



Feb 

9,07 



. 

14 5 


29 33 3 S 





169 12 

G III 



Feb 

12,07 

14 8, 

161 

9 41 3 E 




15 2, 

15 8 

34008 

1 


GUI 


’Local disturbance. 


DESCRIPTIONS OF SHORE STATIONS, 1905-1908. 

One of the chief difficulties experienced by the observers of the Department 
of Terrestrial Magnetism in the reoccupation of old stations for secular-variation 
data has been the lack of information necessary to precise recovery of the point 
where the previous observations were made. Owing to the frequent occurrence 
of local disturbances, it may readily happen that erroneous secular-variation data 
will result from non-recovery of exact station. Accordingly the observers of the 
Department are instructed to furnish as complete descriptions as possible of 
stations occupied, especially of such as give promise of future availability. In- 
formation additional to that contained in the published descriptions or copies of 
station-sketches or of photographs of surroundings will gladly be given to those 
interested in the reoceupation of any of the stations. 

. Tte descriptions are given in alphabetical order under the same geographical 
divisions adopted in the preceding table of shore results. The general form 
followed in the descriptions is: Name of station, year when occupied, general 
location, detailed location, distances and references to surrounding objects, manner 
of marking, and finally the true bearings of prominent objects likely to be of 
permanent character. All bearings, unless specifically stated otherwise, are true 
ones, and are reckoned continuously from 0° to 360°, in the direction, south, west, 
north, east. When no mention is made of marking of station, it is to be understood 
that the station was either not marked at all or not in a permanent manner. 

Most of the measured distances were made originally in the English system- 
however, the distances obtained by conversion into the metric system are also 
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given, but inclosed in parentheses, so as to show that they are converted figures. 
The following rules have been adopted in the conversions: distances given to 0.01 
foot are converted to the nearest 0.001 meter, 0.1 foot to the nearest 0.01 meter 
1 foot to the nearest 0.1 meter, estimated feet or yards to nearest meter, estimated 
fraction of a mile to nearest 0.1 kilometer, and estimations of more than a mile to 
nearest kilometer. Short and important reference distances, when measured 
accurately, have been converted into nearest 0.1 centimeter; such measurements, 
however, as, for example, dimensions of marking-stones, etc., which are not of 
great importance, have been converted to the nearest centimeter. If a distance is 
given immediately preceding an azimuth of a mark, it is to be interpreted as distance 
from the magnetic station to the mark. 


ASIA. 

China 


AUSTRALASIA. 

New Zealand 


Woosung , Kiangsu, 1907 — Two main stations were estab- 
lished. Station 12 is on left bank of Woosung River, 
about 1 mile (1 6 kilometers) above harbor master’s 
quarters and the tidal semaphore, about 4 feet (1 2 
meters) above ordinary high water, about 34 feet 
(10 4 meters) from water’s edge at high water, and 
130 feet (40 meters) from earth embankment that 
extends along river, marked by a pine stake about 
5 i inches (14 cm.) square and about 40 inches (about 
102 cm.) long. The following true bearings were 
determined: station Woosung IS, 180° 08 '1; tidal 
semaphore, 128°25(7. 

Two auxiliary stations to 12 were occupied and desig- 
nated as 12m and 12m, bemg 27 feet (8 2 meters) and 
51 feet (15 5 meters) respectively from 12 in true 
azimuth line 130° 34'9. 

Station Woosung IS is on right bank of Woosung River, 
almost due north across the river from station 12, 
and distant about 1 mile (1 6 kilometers): on a 
high grassy bank, which forms the north side of a 
small inlet, and is about 300 feet (91 meters) north 
of large sign which reads “Telegraph cables across 
the channel here”, marked by a large tent peg. The 
following true bearings were determined the tidal 
semaphore, 65° 58 '6, upper limit anchorage beacon, 
338°43'0 

Zikawei, Kiangsu , 1907 — Observations were made m the 
magnetic hut used for absolute observations, also at 
station N, 21 3 meters north 6° west of pier in hut 


Japan 

Kisarazu, Tokaido , 1906 — On east shore of Tokio Bay, 
m the village, in an open space near the landing 
wharves, 38 5 feet (11 73 meters) east of the sea wall, 
marked by a wooden peg. A secondary station is 
about 50 feet (15 meters) north of principal station 

Sugita, Tokaido, 1906. — On west shore of Tokio Bay, in 
village of Sugita, on a small inlet known as Mississippi 
Bay. It is m an old garden about 15 feet (4 5 meters) 
from the open shore and about 75 feet (23 meters) 
from road running through Sugita to Yokohama. 
Observations were also made at a secondary station 
about 60 feet (18 meters) southwest of principal 
station 

Tokio, Tokaido, 1906 — On grounds of the Tokio Im- 
perial University at a point about 30 feet (9 meters) 
north of the magnetic house m playgrounds of the 
university and in line with lightning rod on Science 
Hall, the true bearing of which, as furnished by Dr. 
Tanakadateof the university, is 179° 54'6; marked 
by wooden peg. A secondary station is about 30 feet 
(9 meters) west of principal station. 


ChristchuTch, South Island, 1907—08 —The observations 
were made at absolute house of observatory. Sec- 
ondary stations, designated as brass pipe, mg A, and 
near brass pipe, were also occupied. Jno first is 
about 150 feet (46 meters) northeast of absolute 
house, the second is about 40 feet (12 meters) north- 
northeast of absolute house; the third is somewhat 
east-southeast of brass pipe . 

New Brighton Beach, South Island, 1908. — Station is 
about 1,500 yards (1.4 kilometers) south of the 
recreation pier; on the beach just above high water, 
about 24 paces from edge of vegetation, between the 
sandhills and the sea. The point was roughly 
marked subsequently by a post 4 by 4 inches by 8 feet 
(12 by 12 cm. by 2 4 meters). The lighthouse is m 
true bearing 323* 15M. 


NORTH AMERICA. 

United States 

Baldwin, Kansas, 1905, 1906 — Obseivations were made 
at the absolute magnetic observatory of the United 
States Coast and Geodetic Survey. The true 
bearing of flagpole on Science Hall is 131° 39 '4 At 
the end of 1906 a secondary station, designated as 
tent, was occupied at a point about 50 feet (15 meters) 
from the absolute observatory, m line with flagpole 
on Science Hall of Baker University. 

Berkeley, California, 1905— The station of the U. S. 
Coast and Geodetic Survey of 1904, on the grounds 
of the University of California, was reoccupied. It is 
west of and m line with the north face of South Hall, 
261.5 feet (79.7 meters) from its northwest comer, 
31 feet (9 4 meters) west of center of path leading 
from gymnasium to North Hall, 46 feet (14.0 meters) 
north of the path leading from South Hall to Center 
Street entrance to the grounds, and 54 feet (16.5 
meters) from edge of driveway: marked by a granite 
post 8 by 8 by 24 inches (20 by 20 by 60 cm.) set 
flush with ground and lettered U. S C. & G. S. The 
following true bearings have been determined: west 
edge of gymnasium just above porch, 44° 34(4; 
northwest edge of North Hall, 194* 46 '1. 

Goat Island, San Francisco Bay, California, 1905, 1908 — 
U. S. Coast and Geodetic Survey station of 1904. 
It is on a military reservation of the United States 
Government near the center of the plateau just west 
of the hill at the extreme eastern end of the island, 
is nearly m line with the top of the hill and the smoke- 
stack at the naval training station, and about 50 feet 
(15 meters) north of the line of the wireless mast on 
highest part of island, and the flagpole on the southern 
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NORTH AMERICA 

United States — continued . 

part of the lawn m front of the officers' quarters, 
marked by small hole in top of a rough stone 6 by 6 
by 12 inches (15 by 15 by 30 cm ) with a flat top which 
projects slightly above the geneial surface. In 1908 
three secondary stations were estabhshed The first 
is 74 feet (22 6 meters) true north 56° 08' east of mam 
station The second and third, used for ship instru- 
ments, were about 45 feet (14 meters) west of and 
35 feet (11 meters) northwest of mam station, re- 
spectively [Main station reoccupied in 1916 ] 

Kutkan Island , Alaska , 1907 — On the eastern point of 
land on Kutkan Island, 30 feet (9 meters) from the 
water's edge, at high tide, on the north side, 12 feet 
(4 meters) on the south side, and 50 feet (15 meters) 
from extreme eastern edge of island A cross, cut 
in the top of a large irregular rock projecting about a 
foot above ground, marks the exact spot. The fol- 
lowing true bearings were determined pier at Sitka 
absolute magnetic observatory, 156° '49 '3, U S 
Marme Corps barracks flagstaff, 148° 51 '2, Mission 
flagstaff, 187° 33' 1. 

San Diego, California , 1905, 1906 — Five stations were 
established here, these are designated as San Diego I , 
Secondary , II, III, and C & G S , 1897 

The first, San Diego I, is near the northern point 
of North Coronado Beach Island; near the shore of 
the bay, facing the city, about 320 paces west of the 
west comer of engine house of Marine Railway 
(Spreckels) and 58 paces from road that runs along the 
beach Beacon No 10 bears approximately north- 
northwest from the station, which is marked by a 
spruce post, 6 by 6 by 50 inches (15 by 15 by 127 cm ) 
set with its faces approximately with the cardinal 
points and projecting about 1 foot (30 cm.) above the 
surface, the letters C I. are cut on the north face and 
1905 on the south face. The following true bearings 
were determined' School of Theosophy, 96° 47f8; 
stand pipe, 187° 54' 2, flagpole on south tower of 
Coronado Hotel, 338° 38 '.4 A secondary station, 
designated as Secondary, was estabhshed 50 feet (15 2 
meters) south-southeastward in the line toward the 
Coronado Hotel from San Diego I. 

San Diego II is on the northwest portion of North 
Coronado Beach Island, about midway between the 
C & G S. station at Quarantine and Station I, 
about 75 yards (69 meters) from the northwest beach 
of North Coronado Beach Island, and m the line 
joining Harbor Beacon No 2 and the south end of 
the most southerly building on Quarantine Wharf, 
marked by a redwood post 4 by 6 by 44 inches (10 by 
15 by 112 cm ) projecting about 8 inches (20 cm.) 
above ground The letters C I and the numeral II 
are cut on the two faces which face the north and 
south respectively The following true bearmgs were 
determined : south tower of Coronado Hotel, 306° 40 ' 8 , 
old lighthouse, Pomt Loma, 33° 37 '7, central dome, 
School of Theosophy, 117° 28 '1 
San Diego III is on the north shore of San Diego 
Bay, on a low beach northwest of Dutch Flat, and 
about 100 yards (91 meters) north 25° east of a 
triangulation signal on the sand spit; marked by 
redwood post 4 by 6 by 52 inches (10 by 15 by 132 
cm.) extending about 10 inches (25 cm ) above 
ground and having the letters C I. cut in the north 
face, and a hole near the center of the top. The 
following true bearings were determined’ south tower 
of Coronado Hotel, 337° 19 '7, old lighthouse, Pomt 
Loma, 24° 08 T; School of Theosophy, 63° 28 '1 
The C & G. S. 1897 station, occupied in 1905, is 
that established by the Coast and Geodetic Survey 
in 1897. It is m the northeast portion of the city, 
about 150 feet (46 meters) southwest of where 
Seventh and Fir streets would intersect if extended 


NORTH AMERICA. 

United States — concluded 

into the park, marked by redwood post 4 by 4 by 36 
inches (10 by 10 by 91 cm ) projecting about 1 foot 
(0 3 meter) out of ground, lettered U S MAG and 
1897 on its north and west vertical faces respectively 
San Francisco, Presidio, California, 1905 — The station 
of the U. S. Coast and Geodetic Survey of 1904, at 
the triangulation station on Presidio Hill, northwest 
of gate on south side of Presidio grounds at the edge 
of the woods, was reoccupied; marked by stone post 
6 inches (15 cm ) square on top, projecting 6 inches 
(15 cm.) above ground and lettered on top U S C 
<fc G Survey, 1881 The following true bearings have 
been determined; cross on Lone Mountain, 325° 53 '8, 
center of top of Drake Cross, 27° 03 '7. [This station 
reported in 1916 as no longer suitable A 6 million 
gallon reservoir is now on the site ] 

San Rafael, California, 1905, 1908 — There are three 
stations, two being those of the TJ S. Coast and 
Geodetic Survey of 1897 They are 1 1 miles (1 8 
kilometers) northwestward from the county court- 
house, on the eastern slope and near the top of a hill, 
about 375 feet (115 meters) distant from one of the 
water company’s reservoirs. There is a meridian line 
marked by two marble posts 8 by 8 by 48 inches 
(20 by 20 by 122 cm ) projecting about 24 inches 
(61 cm ) above the surface of the ground; the north 
stone is lettered U S C <fc G. S on its west vertical 
face, MAG. STA on the south face, and 1897 on the 
east face, and bears a cross on its upper face marking 
the exact point The south stone is set about 2,300 
feet (701 meters) true south of the station, its north 
vertical face being lettered MER. MARK , the east 
face U. S. C & G S , and the west face 1897 
In 1897, 1905, and 1908, dip-circle observations 
were made at a pomt, designated mDiy Station, 50 feet 
(15 meters) from the north stone, and magnetometer 
observations were made at a point, designated as 
Magnetometer Station, 10 feet (3 0 meters) from the 
north stone m the extension of the line from flagstaff 
on the county courthouse to the north stone In 
1908 observations were also made over the north 

E ier. The flagpole on county courthouse is in true 
earing 289° 46 '0 

Sitka, Alaska, 1907 — Two stations occupied, the principal 
pier m the Sitka auxiliary magnetic observatory of 
U. S Coast and Geodetic Survey, and m the regular 
absolute house. 


SOUTH AMERICA. 

Fektj. 

San Lorenzo Island ( Callao Harbor ), Lima , 1908 — The 
mam station is about 5.5 feet (1 7 meters) above and 
about 50 feet (15 meters) distant from the ordinary 
high-water mark on the beach, and is approximately 
the U S _ Coast and Geodetic Survey station of 
1907 It is 79 feet (24 1 meters) and 67 4 feet 
(20.54 meters) from the northeast and southeast 
comers of the powder magazine (marked “Deposito 
de explosives”), which are in true bearmg north 68°7 
west and south 34°1 west respectively, and 57 5 feet 
(17.5 meters) from door of magazine directly beneath 
flagstaff The point is marked by a small round stake 
driven flush with ground. The following true bear- 
ings were determined* square tower with clock in 
pallao, 250° 3T0; spire of church on point m Callao, 
256 00 7. A secondary station designated as San 
Lorenzo Island 2 was established at a pomt south 31° 
east true 52.5 feet (16.0 meters) distant from main 
station 
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ISLANDS, PACIFIC OCEAN 

Caroline Islands. 

Yap Island , 1907 — The main station is on northwestern 
point of islet “Tarrang,” near upper end of Tomil 
Bay, in Port Tomil, about 100 feet (30 5 meters) 
from the west and about 500 feet (152 meters) from 
the northwest shore lines of the islet, and 55 feet 
(16 8 meters) northwest of a large tree Marked by 
a pine post 5§ by 5% by 40 inches (14 by 14 by 100 
cm ) set so as to project about 16 inches (40 cm.) above 
general suiface; the lower part of post is tarred and 
the upper part painted white, with C I marked on 
one side and 1907 on the opposite side, the precise 
point is indicated by a cross cut in head of a brass 
screw set m center of top of post. The following 
true bearings were determined beacon on Buray Hill, 
88° 38 '2; chimney on west gable of long white cable 
building, 30° 00 '5 Two secondary stations were 
established, designated as Yap W and Yap E, the 
first 39 6 feet (12 08 meters) west of the mam station, 
and the second 40 1 feet (12 23 meters) east of the 
mam station, both secondary stations are in range 
with the principal station and the harbor beacon. 
From Yap E the windmill at cable station is in true 
bearmg 44° 37' 2. 

Fanning Island 

Fanning Island , 1905, 1906 — The mam station is on a 
sandy plain east of cable station and near shore of 
lagoon, 105 feet (32 0 meters) west of rear of boat 
house on shore of lagoon and in line with quarters 
building at cable station Marked by a redwood post 
4 by 4 inches (10 by 10 cm ) m cross-section and 40 
inches (102 cm ) in length, set so as to project about 
1 foot above general surface, small hole in top of 
post marks the precise point The following true 
bearings were determined flagstaff at cable station, 
94° 16', center rod of windmill, 102° 49' 3 A second- 
ary station was established m 1906 at a point about 
100 feet (30 meters) true north 55° 52' west of the 
mam station. 


Fiji Islands 

Suva Vou, Viti Levu Island, 1906 — About 2 miles (3 kilo- 
meters) from Suva, on north shore of Suva Harbor 
and on a point called Suva Vou, identical with H M 
S Waterwitch station of 1896 and was found marked by 
a concrete post standing about 18 inches (45 cm ) 
out of ground The post is marked with an arrow 
and the year 1896 The lower lighthouse is m true 
bearmg 129° 48 '6 A secondary station for dip 
observations, and designated as Suva Vou B , was 
established about 75 feet (23 meters) northeast of 
above station. 


Hawaiian Islands 

Sisal ( Honolulu Magnetic Observatory), Oahu Island, 1905, 
1907. — The observations were made on the mag- 
netometer pier of the absolute house of the Coast and 
Geodetic Survey magnetic observatoiy, located at 
Sisal In 1907 a tent station, A, was also occupied 
about 40 feet (12 meters) due true north of the abso- 
lute observatory pier, m the observatory mclosure 
A second tent station, B, was established about 60 feet 
(18 meters) southwest of the absolute observatory, 
m observatory inclosure The various ship instru- 
ments were tested in 1907 at several other points in 
the observatory grounds 

Marianas 

Guam, 1906 — Four stations were established, two at 
Orote Point and two at Cabras Island The mam 
station at Orote Point is east of the Point, on the 
south side of Apra Harbor, and on a sand beach near 


ISLANDS, PACIFIC OCEAN. 

Marianas— concluded 

base of high land on outer edge of vegetation 
Marked by a cement post, «.et with its top somewhat 
above surface of ground. The following true bearings 
were determined flagpole at Piti, 256° 39'1; wireless 
telegraph pole, 266° 03 '6. Observations were also 
made at a point, designated Orote Secondary, about 
30 feet (9 meters) east-northeast of the mam station 
The mam station on Cabras Island is on the north 
side of Apra harbor, approximately 150 yards (140 
meters) west of coal shed and about 30 feet (9 meters) 
from watei. The following true bearings were 
determined flagpole at cable station, 41° 09 '4 
magnetic station at Orote Point, 71° 07 '0. Obser- 
vations were also made at a point, designated Cabras 
Secondary, about 50 feet (15 meters) west of principal 
station 


Marquesas Islands. 

Nukahwa Island, 1907 —A number of stations were 
occupied and indicated local disturbance Station 8 
is on the site of the old Fort Collet, a small, con- 
spicuous rocky knoll on east side of Tai-o-hae, or 
Anna Maria Bay, and about 90 feet (27 5 meters) 
above sea-level. The point is about 40 feet (12 
meters) northwest of a trail which leads up from the 
public trail to the harbor light, which is fixed to a 
pole 57.8 feet (17,63 meters) distant. Marked by a 
hole m the top of a pme post 3.5 by 5.5 by 33 inches 
(10 by 14 by 84 cm.) sot one-half its length m the 
ground The harbor light is m true bearing 0° 40' 
west of south Station 9 is near the northwest head 
of Tai-o-hae, or Anna Maria Bay, on land covered 
with a dense growth of tall brush, belonging to the 
government. This point is 27 feet (8 2 meters) 
distant from and about 3 feet (1 meter) above high- 
water mark. The station is marked by a hole in top 
of a pme post 3 5 by 3 5 by 44 inches (9 by 9 by 110 
cm) projecting about 40 cm above the ground 
Three test stations were also established at points 
around 9; they arc designated as 9 h 9 Z , and 9 s The 
following true bearings were determined from 9 
station 8, 278° 42% harbor light pole, 279° 07'6, 
northwest edge of Government House, 274° 00 '4 
Two additional stations were placed on the line 
determined by station 8 and the basaltic cliff, which 
is in true bearmg 60° 29 '1 west of south from 8 
The first, designated as 8 h is 40 feet (12 2 meters) 
west, and the second, is 43 feet (13.1 meters) 
east along this line from the principal station 


Marshall Islands 

Jaluit Island, 1906, 1907 — The main station of 1906 and 
1907 is at American Town, about one and one-fourth 
miles (2 kilometers) south of the settlement, near the 
high-water mark and the shore end of the old railroad 
pier Marked by a cement post bearing the letters 
C.l 1906, set with its top slightly above the surface 
of the ground The following true bearings were 
determined. Company's flagpole, 204° 17'2, hotel 
flagstaff, 197° 38'4; beacon in lagoon, 183° 31 '8 
Observations were also made m 1906 at a point, 
designated as Jaluit Secondary, about 30 feet (9 
meters) to the south and m range with station and 
Company’s flagpole. Station Jaluit III of 1906 was 
established to test local disturbance about the 
position of swing in harbor, and is about 3 miles 
(5 kilometers) southwest of the principal station 
Dip observations were made at a point, III Secondary , 
about 75 feet (22 9 meters) east of III In 1907 a 
secondary station, designated Jaluit Secondary $, was 
established at a point 57 8 feet (17.62 meters) true 
south 17° 38' west of the main station 
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ISLANDS, PACIFIC OCEAN 

Samoan Islands 

Apia, TJpolu Island, 1905, 1906, 1907. — The observations 
made by G. Heimbrod in 1906 were at the first 
absolute house, on the spit of land called Mulinum, 
of the Samoa Observatory of the Imperial Academy of 
Sciences of Gottingen The observations of 1906 
by the officers of the Galilee were made at three points 
One of these was the first absolute house of the Samoa 
Observatory. The second station, designated North 
Pier , was in the observatory grounds about 50 feet 
(15 meters) north of the absolute house. The third 
station, designated as East Pier , was in the observa- 
tory grounds about 50 feet (15 meters) east of the 
absolute house. The observations in 1907 were made 
at two stations The first, designated Stump, was 
near the north pier station of 1906, being about 
10 feet (3 meters) northwest of the north pier The 
second, designated as West Pier , was in the obser- 
vatory grounds about 41 feet (12 5 meters) west from 
west wall of new absolute house The first absolute 
house of the observatory was bemg rebuilt at the 
time of the 1907 work and it was not possible to 
observe m it 


Society Islands. 

Motu Uta, Tahiti Island , 1907. — Three stations were 
occupied near southeast corner of small island called 
Motu Uta m Papeete Harbor and designated as 
Motu Uta, Motu Uta 1, and Motu Uta 2 They are 
m line with flagstaff at Government Building Motu 
Uta is the middle point, and stations 1 and 2 are 30 


ISLANDS, PACIFIC OCEAN. 

Society Islands — concluded. 

feet (9.1 meters) on each side, 2 being near the high- 
water mark. True bearmg of cathedral spire from 
Motu Uta, 296° 59^0. (Station Motu Uta 2 was 
used only as a test station for local disturbance, and 
all observations were incomplete and for that reason 
no results were given ) 

Papeete , Tahiti Island , 1907 — Within and near eastern 
comer of a tract of government land immediately 
south of the Botanical Garden, approximately 
350 feet (106 meters) southeast of gardener's house 
in Botanical Garden, 175 feet (52 meters) northeast 
from windmill pump on government tract, 73 feet 
(22 2 meters) south-southeast from a large coconut 
tree standing near the fence, and approximately 50 
feet (15 meters) from the fences to east and south 
Marked by a hardwood post, lettered on top T 
MCI and having a copper tack at the center. A 
secondary station was occupied 50 feet (15 meters) 
true north 32° 32' west of the mam station. 

Small Coral Island (Papeete Harbor), Tahiti Island, 1907. — 
On a small sandbar, about 100 feet (30 meters) long, 
and the same m width, rising about a foot (30 cm.) 
above high water, situated south of entrance to 
Papeete Harbor. Marked by a fir post about 34 
inches (9 cm ) square and 4 feet (1 2 meters) long, 
sunk 1 foot (30 cm ) in the ground. The following 
true bearings were determined: Cathedral spire, 265° 
57 '2; north obelisk, 267° 16 8; south obelisk, 312° 
04 '5 Two auxiliary stations, designated as 1 and 2, 
were occupied on the west and east sides of and 30 
feet (9.1 meters) distant from the principal station, 
m line with the cathedral 



EXTRACTS FROM DIRECTOR’S INSTRUCTIONS FOR CRUISES AND 
OBSERVATIONAL WORK ON THE GALI LEE, 

The following extracts from the Director’s instructions and letters to those in 
command of the vessel will serve to explain the routes followed by the vessel and 
the methods of observation adopted for the various kinds of work. While some of 
the^ early methods, according to experience gained, were modified or superseded, 
their complete presentation here will be useful in showing how the observations 
were made at the successive stages of the work, and how the methods and instru- 
ments were gradually developed and improved. The comparison of instructions 
for observations aboard a magnetic ship with those for the work on a non-magnetic 
one (see pp. 316-324), will be of interest, and will show the great superiority of hav- 
ing a vessel specially adapted for the problem undertaken. The extracts form thus 
also an historical record of the experiences it was necessary to pass through before 
reaching the goal set. 

When referring to “ swings ” of vessel, the term “ first helm” is used, regardless 
whether vessel was swung first with starboard or with port helm. The term 
"other helm” signifies that the vessel was swung next with helm opposite to that 
used first. Thus, if for any series of swings, "first helm” is the starboard-helm 
swing then "other helm” is the port-helm swing. 

CRUISE I OF THE GALILEE. 1905. 

J. F. Phatt in Command. 

Fkom Instructions of Aug. 15, 1905, to J. F. Pratt, San Diego, Cal. 

1. Upon completion of the necessary alterations on the Galilee you will proceed with her to 
Honolulu, Hawaii, thence work northward as far as the conditions will permit, returning once more 
to the Hawaiian Islands, if considered best, thence to the Midway Islands, and return to San Fran- 
cisco about December 1, 1905. (This is a general outhne of the region to be covered, the precise 
manner of execution for the successful conduct of the work being left to your judgment.) 

. 2 ‘. The necessary swings for the determination of the deviations in the declination, dip, and 

intensity will, of course, again be made at the tune of departure from San Diego. (For the harbor 
swings, whenever possible, 16 equidistant headings 2 should be taken.) It is especially essential that, 
during these swings, all articles likely to affect the instruments be in same position as at sea. In this 
connection you are urged to pay special attention to the iron at the head of the sail when down on the 
” 00 * n > m which position it may come too close to the dip-circle position. In general, the same 
methods are to be pursued as at San Francisco, except that observations with sea deflectors are to 
be made as follows • First 8 points use magnet 45, letters on magnet up, next 8 points use magnet 
45, letters down; for swing on other helm, use magnet NL, letters up, on 8 points, and then on 
remaining 8 points, letters down. 3 As much, time as possible should be given on each heading 
and the list, roll, and any other pertinent data be noted. 

3. If not already done, deflection observations should be made ashore with magnets 45 and NL 
(letters up and down), so as to determine the constants anew. Likewise the times of oscillation of 
the two Kelvin cards, as at San Francisco, are to be obtained. 


x Changed later to San Diego. 

^Changed to 8 equidistant headings, experience having proved this number sufficient for the Galilee 
•L/hanged subsequently in accordance with footnote 2 
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4. All observations made at San Diego, inclusive of the ship swings, are to be transmitted to 
Washington, so that the Office can make final reduction of the work done on the trip from San 
Francisco to San Diego. Abstracts of the essential quantities should be made m the “Abstract 
Books” left in your possession. 

5. In general at sea, swings on as many points as possible are to be secured, on the average every 
second or third day, conditions permitting, and observations be made on the intermediate days on 
the ship’s course, again using every precaution as to the position of articles likely to affect the instru- 
ments. In the sea-deflector work it is preferable to use each time both magnets as per general 
scheme above, not having, however, on the bridge more than one magnet at a time 

6. On the course observations — Dip and intensity observations with sea dip-circle 169 (needles 
1> 2, 8, 4), and observations with sea deflector 1 should be made according to method followed on 
experimental trip from San Francisco. It will be well to interchange observers. Thus first day: 
Dr. Egbert, sea deflector, Mr Ault, sea dip-circle. Next day: Dr. Egbert, dip circle; Mr. Ault 
deflector, etc. The endeavor should be to have the mean time of the deflector work about the s am e 
as that for the dip circle. 

7. Should it not be possible to make deflections with the dip circle in low latitudes, then con- 
tinue, nevertheless, the observation with the loaded needle, and thus secure relative total intensity. 
The observers must be cautioned to take every possible care in handling the needles. Should any- 
thing happen to needle No. 3, preventing its further use, then cable as soon as possible and substi- 
tute for it one of the dip needles (No 1 or 2), noting that thereafter the particular dip needle selected 
T u, ger be USed for “Ration observations, and must not have its magnetism disturbed; it 
should be kept m the box with No 4. In case anything happens to the loaded needle (No. 4) so as 
to make impossible observations with it, then continue simply the deflections and inform the Office 
promptly of the accident It is sincerely hoped, however, that these contingencies will not occur. 

•ri i 8 ' 0wmg t0 the dlfficulty “ securin g declinations, on account of meteorological conditions it 
will be necessary to avail yourself of every opportunity to secure data, keeping a man on the lookout 
on the bridge whenever necessary. The observations should be made over as long an interval as 
possible, and it will suffice to get them, in general, with the Ritchie standard compass (R1A); 
however, it will not be amiss to secure comparative data with the other compasses, this being one of 
the purposes of the expedition. 

9. The list, roll, and all other pertinent data must be entered in the record for all observations 
made. 


10. The general investigation of local disturbances in the vicinity of land-masses must be left 
to your judgment, this matter being dependent on conditions encountered. 

"^nous instrumental constants and ship deviation-coefficients will again be determined 
at Honolulu, Hawaii, making use of the facilities at the Coast and Geodetic Survey Magnetic Ob- 

San Francisco^ t0 UP ° QCe m ° re ^ ^ instruments - They wlU a] so be determined again at 

, } 2 ' ^ navi gfrional data and geographic positions assigned to the observations at sea must be 

work ed * by *°™ e mdependent observer > besides tte one to whom you will give chief charge of this 


From Directions or September 18, 1905, to J. F. Peatt, Honolulu. 

1. Judging from experience in the discussion of observations made on Coast and Geodetic Survey 
S and that beui . g encountered on the Galilee, it would appear that our principal trouble on 
anse from , 1 ; he shlftmg positions of masses of iron, as for example, hoisting-chains 
and blocks There are several instances in our observations from San Francisco to San Diego where 
deferences have occurred, which can only be explained by the circumstance that masses of iron may 
have come too close to the instruments 

i ^ therefore requested to make a study of the remaining masses of iron m the rigging 

sads and hoisting tackle, which could be replaced by non-magnetic metal, and to make an eS 
Proba b l e c°st , so that it may be decided whether the changes can be made when the Galilee 

elearlv Francisco (S . an Die S 0 )- A critical analysis of the observations thus far shows very 

y at if we can properly control the positions of the remainin g masses of iron, a most gratifying 

x Changed later to San Diego. 
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degree of accuracy in the determination of the magnetic elements may be obtained * * * Certain 

observations on August 7 show very clearly that, between the inclination and the intensity obser- 
influence ° m * e * S *° CCUrred Vlucb caused a dlfferent distribution of iron masses within the region of 

3. It is also extremely essential that the observer remove from his person all articles likely to 
affect the instruments, and it would be well to devise some form of statement to be entered in the 
report of the observations to insure that this has been done * * * 

From Directions of October 16, 1905, to J. F. Pratt, Honolulu. 

1. On the 12th instant, the following cablegram was sent you to Honolulu: “Daily swings 
necessary. Instrumental changes require closing San Diego instead San Francisco. Instead failing 
deflections observe usual dips. Acknowledge.” * * * 6 

it ,c L We gr ? at d ! fficuIty ’ for one reason or another, making the deviations fit theory, and 

>1 toff ed thattheonIy safe co ”se to follow is to swing every day, 1 so that the mean results will 
be free from uncertainty on account of deviation. It will be a great saving, especially in the compu- 
tation rf we do not have to bother with deviations. With this experience in mind, please do your 
utmost to secure swings as often as possible. * * * v y 

, wdl doubtless swing the Galilee off the coast near the Honolulu Magnetic Observatory, 

about where you swung the Patterson, of the Coast and Geodetic Survey, in 1904. The cablegram 
calls for dip observations in place of the deflections when they fail. * * * 

From Directions of October 17, 1905, To J. F. Pratt, Honolulu 

}■ Before ia possible to reduce completely the observations from San Diego to Honolulu it 

t0 , S + eCUre S T 6 ?°° d SWmgS at HonoIulu at the P ]aee mentioned in the letter of 
, At least two « ood swings are desired: for example, one a m. and one p. m., to be re- 

C msdo tS “? SatlsfaC *° ry - Tte mclmation and intensity observations should 

^4 flTnl! rU h -NT 1 “'’ obser y atlon s with loaded needle on first helm, next inclination observations 

onno^ thl+^f +1’ ^ ° n the 0tl ! er h f m swmg ’ p ‘ m -’ observations with loaded needle on helm 
opposite that of the morning; next inclination observations with needle Ho. 1 (polarities reversed) 

th* + would be preferable if observations could be made on each heading for each of 
on ° f the M C K ( , botb for the loaded needle and the dip needle). Thus, the observations 

needle west fete. positions- face circle east; face needle east; face circle west; face 

2 Swings with dip needle and loaded needle should be kept up after leaving Honolulu until the 

alternate- te? h ° d ° mes avadable a S ain with the sea dip-circle, after which it will be desirable to 
alternate, for example, on one day swings with loaded needle and with dip needle, while on the next 
day, swings will be made with the loaded needle, followed by deflections 

3 At San Diego, the port of arrival, swings will be made, using both methods given in 2 

4. Inclination observations at the land station should hereafter be made regularly by the 

;“° d > also Wltb “ eedle 3 ' not reversing polarities, however, in the latter casl It will 
therefore be necessary, before you leave Honolulu, to make such observations at the Honolulu 
Observatory in sufficient number to give a good value of the correction required to rete the 
i ^ gained with No. 3 to the standard value. Whenever 2 &*££ ^ method 
applicable, the inclination will likewise be obtained in this way, in order that the data may 
needte 1 ^ ^ * eterminins tbe corrections on account of non-reversal of polarity of deflected 

From Instructions of November 22, 1905, to J. F. Pratt, San Diego, Cal. 

a + 1- P* , tbe directl °ns contained in the instructions of August 15, and letters of 

September 18 and October 16 and 17, respecting the closing work at San Diego, complete magnetic 
observations (D, H I) at both C. I. W shore stations Nos I and III, between which theXfwas 
swung last August, are to be made. At both of these stations, furthermore, standardization ob- 

“ d tke & 


1 0wing to meteorological conditions encountered, this did not piova feasible 
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2. All observations called for m paragraph 1 will be computed and revised immediately, and 
repeated, if necessary, before any change whatsoever is made m the ship or m the instruments. 
For your guidance, there is inclosed a tabulation of the previous results obtained. * * * 

3. Please note that the swings at San Diego must be made under the same conditions of ship as 
at sea, as nearly as that can he attained, and that the same methods, e g ., for azimuth, be used as for 
the sea observations, otherwise, the deviations obtained will not strictly apply. * * * 

4. A complete tabulation of the corrections for all time-pieces on board must be forwarded to the 
Office, so that their behavior will be known. * * * 

5. It would be extremely desirable, m order to improve the sea dip-circle and obviate the 
deflection method failing so quickly, that a rough determination be made of the distance at which 
deflections would be possible at the Honolulu Observatory. 

6. If you have not covered the gimbal stand for the dip circle so as to shield the pendulum bob 
from the wind, please attend to this. Some of the outstanding effects on the dip circle apparently 
can not be ascribed to ship deviations, but rather to a want of level of the instrument, as might be 
caused, for example, by the action of the wind. 

7. The complete analysis of the entire work also makes it desirable that the deviations for a 
compass placed at the dip-circle position be determined at one of your ports. This can be done by 
comparison, using, for example, the method followed with reference to the Kelvin compass at San 
Francisco. 

8. Please request the observers to make a note on the dip sheet when they remagnetize the 

dip needle before beginning the observations, and to give the number of strokes used. * * * 

From Instructions of December 18, 1905, to J. F. Pratt, San Diego, Cal. 

1. Before leaving San Diego, please make sure that all instructions sent you respecting the 
closing work at San Diego have been fully carried out, in order that there may be no difficulty in the 
final reduction of the observations. This is especially important in view of the contemplated 
changes. 

2. You will of course see to it that all reports and records are complete, as called for in the 
various instructions before forwarding them to the office. 

3. You will arrange, as offered, regarding the early completion of the additional alterations 
agreed upon, which, briefly stated, involve: (a) building a new galley over the forehatch; (6) cutting 
off the after end of the old house, so as to leave about 8 feet for a forecastle; (c) extending the observing 
bridge; (d) changes in hoisting-gear so as to make it as non-magnetic as possible; (e) removal of iron 
strips around middle hatch; (/) building of an extra cabin. 1 (If binnacles and stands on the bridge 
are removed, their present places should be carefully marked, so that, if necessary, everything can be 
exactly replaced.) * * * 

4. Since it has been arranged that the alterations will be supervised by Captain Hayes, who 
will also be responsible for the property on board the ship, Mr. Ault may be authorized to proceed to 
the Baldwin Magnetic Observatory for the determination of the desired instrumental constants. * * * 

CRUISE II OF THE GALILEE. 1906. 

W J Peters in Command 

From General Instructions of January 9, 1906, to W. J. Peters, Washington, D. C. 

1. As soon as convenient, you will proceed to San Diego, California, via San Francisco, and 
assume charge of the yacht Gahlee, engaged in the magnetic survey of the North Pacific Ocean. 

2. At San Francisco you will confer with Captain J F. Pratt, at the suboffice of the Coast and 
Geodetic Survey, regarding the duties assigned you. * * * 

3. Respecting the alterations now being made on the Galilee , and their status, you will be ad- 
vised by Captain Pratt, whereupon you will relieve him of the supervision, and attend to such 
payments as he may advise you of. You have already been informed that the chief cause of the 
compass deviations is located on the port side of the bridge and forward of the positions of the 
compasses, about in the direction of the port side of the old galley. It is quite possible that some 
effect may also come from the iron material m the boat on the port side. You will make the desired 


l See also paragraph 32 of J F. Pratt’s report, p. 133 
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examination respecting this matter, and arrange to have this boat stowed elsewhere, if deemed 
necessary. * * * 

From Route Instructions of January 20, 1906, to W. J. Peters, San Diego, Cal. 

1. The general route to be covered in the forthcoming cruise is as follows: Leaving San Diego 
as early in February as circumstances will permit, sail on a direct course for Fanning Island, thence 
to Apia and Pago Pago, Samoan Islands. If, upon the completion of the work at the Samoan sta- 
tions, it should be found feasible, proceed next to Suva, Fiji Islands, a cable station. From there, 
or from the Samoan Islands, as the case may be, take a course to Jaluit Island of the Marshall Group, 
where a good harbor will be found and supplies are obtainable, this being an important German 
trading-station. Proceed next by direct course to San Luis d’Apra, Guam, a cable station; leaving 
there, pass to the westward until the meridian of Yokohama (140° east) is reached, and thence 
proceed along that meridian to Yokohama or to the Gulf of Tokio, where a suitable place will be 
selected for the harbor swing. The aim should be to leave here not much later than July 1, in order 
to be sure of encountering as good weather conditions as possible on the return trip, going by direct 
course to Kiska Island of the Aleutian Cham, from there to Sitka, unless otherwise instructed, and 
then back to San Diego, endeavoring to reach this port in October 1906. [Owing to delayed 
departure from Yokohama, it was necessary on this cruise to omit the trip to Sitka and return 
instead by great-circle route to San Diego.] 

2. It will be noticed that this cruise embraces a number of good supply stations, and, likewise, 
stations for controlling well your chronometers, as also affording facilities for excellent harbor swings 
and comparisons of instruments at three magnetic observatories (Apia, the German Magnetic 
Observatory, where one of the temporary observers of the Department, Mr. G. Heimbrod, is at 
present stationed; next, Tokio, and Sitka). * * * 


From Directions of January 30, 1906, for Swings No. 1 at San Diego, to W. J. Peters. 

_1. Assure yourself that everything is in place on board ship as nearly as possible as at sea, being 
particularly careful about removal of all magnetic articles, as far as possible, in the vicinity of the 
bndge. Before beginning work, rehearse observers in operations assigned. Arrange to complete a 
swing, both helms, preferably morning or afternoon, or at least on same day. If conditions do not 
make 16 equidistant points feasible take 8. [8 equidistant headings were finally adopted.] 

2. First swing, being an experimental one, will be confined to decimation observations and com- 
parisons of compasses on each heading, as follows : 

A. One observer using Ritchie standard compass (RIB). Before beginning observations, 
mount the new cylindrical reflector in place of the deteriorated one in the azimuth circle, and 
take care not to disturb vertically of mounting. Obtain, if possible, on each heading 3 readings, 
using the reflector and prism, likewise 3 readings with alidade, alternating, preferably from one 
to the other, so as to determine effectively any possible difference between the two azimuth 
devices. 

B. A second observer using the Negus compass and azimuth circle (Dl), taking readings and 
following, as far as possible, the methods under A. 

C. Mount on the gimbal stand an instrument for determining the compass deviations at this 
position, as required by theory. For this purpose the Kelvin dry compass and bowl, using the 
better one of the two compass cards, may be fastened to the top of the gimbal rings with the 
lubber-line as nearly as possible in the fore-and-aft line. * * * No azimuth device will be 
used, but comparisons be made as prescribed m D. 

D. Comparisons between the Ritchie (RIB), the Negus (Dl), and the compass on the 
gimbal stand to be made as follows, obtaining 3 readings in each instance : 

When the ship’s head is on the course, as shown by the Ritchie standard (RIB), the observer 
using this instrument will call out “On,” whereupon the observers at the other compasses will 
read their respective cards. There will thus be afforded a check between the deviations 
obtained independently by the Negus and the Ritchie compasses. Owing to the less advan- 
tageous position of the Negus, it may happen that the solar observations will be cut out by an 
intervening mast more frequently than with the Ritchie; the attempt should be made, never- 
theless, to obtain whatever conditions will permit. 
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E. The observations should be reduced and analyzed, as soon as possible, and the values of 
B and C to the nearest minute and giving sign (whether plus or minus) for the 3 positions wired 
the Office. The detailed results will be mailed promptly. 

F. Throughout above work no other magnetic instruments than those designated will be 
allowed on the bridge. (You were instructed by wire that the Kelvin compass is to be re- 
mounted; this applies only to the binnacle, it being not the intention to have the compass bowl 
mounted on the binnacle, except for occasional experiments at sea, as per directions sup- 
plied later.) 

G. The Galilee will be steadied, of course, for a sufficiently long period on each heading to 
secure good results. All pertinent facts with regard to the swing and conditions under which 
made, list, roll, etc., will be fully recorded. 

Directions of January 31, 1906, for Swings No. 2 at San Diego, to W. J. Peters. 

1. Same preparations as called for in paragraph 1 of Directions for Swings No. 1 are to be made. 

2. The special purpose of the second swings will be to determine the inclination and intensity 
deviations. Besides recorder, 3 persons will be requisite, one at Ritchie standard compass (RIB) 
to hold vessel on course, to call out to the observers when vessel is on course, and to record for one 
of the observers One observer will make horizontal-intensity observations with sea deflector 1, and 
another will make inclination and intensity observations with sea dip-circle 35. The same remark, 
2, (7, Directions No 1, applies here. The swing willbe made on 8 equidistant points, with both helms. 

3 Inclination and intensity observations with sea dip-circle 35. — First-helm swing; both loaded- 
dip observations (needle 4, weight 6), and regular-dip observations (needle 2), on each heading 
(scheme A ). Other helm: deflection observations (scheme J3). Schemes A and B are purposely 
made elaborate in order to ascertain cause of certain discrepancies which have revealed themselves 
in past swings It will be far better to take all positions of circle and of needle on each heading every 
time rather than to multiply readings for any one position However, as many readings as possible 
of both ends of needle should be made for each position. Care must be taken, before mounting the 
needle, that all dust has been removed from the dip circle, especially along the inner periphery of the 
vertical circle, near which the ends of the needle come, so that when lifting the needle its ends will 
not gather up fine dust-filaments Likewise the blade of needle must be thoroughly clean and dry, 
so as not to introduce an additional balance error. As schemes A and B require rather frequent hand- 
ling of needle, great care against injury to the pivots must be exercised, and the fingers be dry. 
The jewels must, of course, also be kept free of dust and moisture. 


Scheme A — First Helm : Loaded Dip and Regular Dip. 
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1 Polarity of needle 2 to be same throughout swing; however, needle should be well magnetized before swing, and so 
that the A end will be down. 
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1 Needle 4 will be placed inside aluminum case so as to bring letters A, B toward observer for short distance, and away 
from observer for long distance, and is not to be touched thereafter for the entire swing Face of needle 3, throughout swing 
will be toward observer for short distance, and away from observer for long distance. 


Scheme C — First Helm; Deflections with Sea Deflector, using Magnet 
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Scheme D . — Other Helm : Deflections with Sea Deflector, again using Magnet 45. 
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4. Horizontal-intensity observations with sea deflector 1 (Dl). — Schemes C and D will be 
followed. Care is to be taken in the temperature readings, end of block containing deflecting magnet 
being protected against air currents. Magnet NL will not be used for these swings, solely magnet 
45. (Directions regarding use of magnet NL will be supplied later.) 

5. Should it be found feasible, there will be no objection against securing declination determina- 
tions during the swing by the person at the Ritchie standard compass (RIB) ; this matter must be 
left to the commander's judgment. The method outlined in schemes C and D will again afford data 
for deter minin g the deviations of the Negus compass (Dl) without making azimuth observations. 

6. The Kelvin compass will of course not be mounted on its binnacle throughout these sw ings ; 
this compass is to be used only for certain experimental work at sea. 
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Directions of February 8, 1906, for Swings No. 3 at San Diego, to W. J. Peters. 
Same as for swings No 2, except for following modifications: 

1. First helm: Deflections with sea dip-circle, beginning with long distance, mstead of short 
distance; face of needle 3 to be towards observer for long distance and away from observer for short 
distance. 

2. Other helm: Loaded dip and regular dip (needle No. 2 again, but this time B end down) with 
sea dip-circle. 

3. First helm: Deflections with sea deflector, using this time magnet NL with letters up through- 
out. 

4. Other helm: Deflections with sea deflector, again using magnet NL, but now with letters 
down throughout. 

5. Declinations to be obtained by the observer at the Ritchie standard compass (RIB), talcing 
3 readings, on each heading, for both helms. 

Instructions of February 9, 1906, for Sea Observations, to W. J. Peter3. 

1. When all instructions regarding the observations and computations for the work at San Diego 
have been completed, and the original records have been forwarded to the Office, please wire when 
you are ready to go to sea, and await telegraphic advice. You have already received instructions 
regardmg route (Jan. 20, 1906). 

2. Disturbing Causes. — You have already been cautioned as to the need of excluding, so far as 
lies within your power, any extraneous, artificial disturbing influences likely to affect the work 
assigned. You will accordingly see to the proper disposition of articles on and in the vicinity of the 
bridge, removal of magnetic articles from the observer’s person, etc. Each observer will state on his 
record sheet of observations whether he had removed all magnetic substances. Statements regar ding 
the various conditions under which observations and swings are made can not be too full. Roll of 
vessel, weather conditions, condition of ship, manner of swinging, and all other pertinent facts should 
receive proper attention in the notes 

3. Geographic position of ship during observations. — The need of giving this matter your special 
attention has already been fully explained. The observations and computations should be arranged, 
as far as possible, to afford opportunity for independent checks. 

4. Swings at sea. — A complete swing at sea must be obtained with both helms, covering 8 points 
as well as conditions permit, as soon as possible after leaving San Diego Harbor. Thereafter the 
attempt will be made to obtain a swing every third day, and, in no instance, should more than a week 
be allowed to elapse between two swings, if conditions of sea and weather do not prevent. Whenever 
possible the three magnetic elements, declination, inclination, and intensity, are to be secured on the 
same swing. Cloudiness, however, will at times prevent this ideal combination and the work will 
have to be arranged accordingly. Cloudiness will not be an excuse, however, for not swinging at 
least for inclination and intensity; the ship deviations for both of these elements, on account of their 
greater comparative magnitude and greater susceptibility to change than the decimation deviations 
at the position of the Ritchie standard (RIB), require more frequent control. 

The general program of magnetic work for a swing will be as follows: 

a. Declination observations with the Ritchie standard compass (RIB), securing 3 readings 
so far as possible on each heading of both port-helm and starboard-helm swing, increasing the 
number, if necessary, in accordance with the conditions encountered. 

b. Horizontal-intensity observations with sea deflector (Dl). — Ma gne t. 45 is to be used 
throughout for both helms, having letters “up” for first swing, and letters “down” for return 
swing. Invariably on each heading the four positions or readings will be taken. 

c. Inclination and total intensity with sea dip-circle (D. C. 35). — First helm: Loaded dip 
(needle 4, weight 6), invariably on each heading for the two positions circle east face of needle 
east and circle west face of needle west, needle not to be turned around (inverted) throughout 
the swing, and at least 2 independent readings to be secured for each end of the needle m each of 
the two positions prescribed. Other helm : Deflections, us ing both distances 1 Thus, e. g., short 

1 Both deflection distances may require too much work If so, it will suffice to take but one distance, using for one 
station the short one, for the next station the long one, thus alternating the two distances When a single distance is used, 
then 2 readings should he taken on each end of the needle Whenever but one end of a needle can be used, whether in dip or 
intensity work, then readings on the -visible end will he multiplied. 
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distance circle east, face of needle No. 3 east, microscopes direct (D) and reversed (22) ; long 
distance, circle east, face of needle No. 3 east, microscopes D and R . Next long distance, circle 
west, face of needle No. 3 west, microscopes D and R , and finally short distance, circle west, 
face of needle No. 3 west, microscopes D and R. Note that needle No. 3 is not turned around 
(inverted) throughout swing; if necessary, the number of readings on each end of the needle, 
for deflection, may be reduced to a single good one, although, if possible, it will be better to get 2 
readings 

(To vary this program somewhat, for the swing at the next station, deflections might be 
made on first helm and loaded dip on return swing, making the deflections this time throughout 
with face of needle No 3 turned away from observer, and the loaded dip with needle No. 4 
throughout swing likewise turned away from observer. This method of observing might, 
advantageously, alternate with the preceding one The point is that for any one swing circle 
east and west should he taken on each heading, but the suspended needle, after being carefully 
cleaned and mounted, should not be touched again throughout the swing.) 

d. It will be highly desirable to obtain between the prescribed principal swings occasional 
swings, securing inclination and intensity observations as follows: On first-helm swing, regular 
dip observations with the better of the two needles selected, e. g ., No. 2, not reversing polarity, 
however, during the swing, but remagnetizing needle before swing. If for one station, A end 
of needle is down, then for the next station have B end down, etc. On other-helm swing, make 
intensity observations, either with loaded dip alone or with deflections alone (using one or two 
distances, as circumstances permit). If at first station, loaded-dip intensity observations were 
made, then at the next station deflections might be secured. Whether the regular-dip observa- 
tions precede or follow the intensity observations is immaterial, though it would be better to 
alternate the sequence and thus vary the accidental conditions. Again, as before, the sus- 
pended needle will not be turned around (inverted) ; for one station it might be towards 
observer, and for the next station away from observer. However, circle E and W should 
always be taken if conditions permit If, on these intermediate swings, declinations can be 
obtained with either one of the liquid compasses (Ritchie or Negus), the opportunity should be 
embraced. 

5. Swings m harbors . — When conditions permit, the more elaborate program which involves 
turning around (inverting) of suspended needle of sea dip-circle, on each heading, as per directions 
for swing, Nos. 2 and 3 at San Diego, January 31 and February 8, 1906 (pp. 120-122), should be 
followed as well as possible. Otherwise the method will be the same as given in 4 a, 4 1 , and 4 c above. 
There will be no objection against securing two series of swings, once upon entry into port and next 
upon departure. The necessity of this will depend upon length of stay and possible changes made, 
and must be left to the commander’s judgment, what is aimed at is sufficiently clear from these 
directions and those for the San Diego swings 

6. Magnetic observations on ship’s course. — The attempt should be made to secure some magnetic 
observations daily, according to extent possible. On days of swings, the following observations are 
not obligatory It may happen, however, that, because of cloudiness, every opportunity will have 
to be seized for decimation work. For the observations between swings, the general program will be : 

Simultaneous observations of inclination and intensity with sea dip-circle 35, and horizontal 
intensity with sea deflector. The work with the sea dip-circle will embrace all positions, as in 
land work, and will he arranged thus . Regular dip with two needles. No. 2 and another selected 
one with polarity of both needles A or B , as case may be; 1 next loaded dip, then deflections with 
both distances followed by another set of loaded dip, and finally regular dip with both needles, 
polarities reversed. The work with sea deflector 1 will include observations with both magnets 
(No. 45 and NL), short distance, letters “up* ’ and “down,” hence, a minimum of 4 sets. The 
endeavor should be to secure 2 sets for each combination, as on the previous cruise. Also 
decimations are to be made with the Ritchie standard compass (RIB) in accordance with the 
above remarks. 

7. Occasional Magnetic Observations . — 

a. It will be highly desirable to secure, whenever feasible, simultaneous observations for 
declination with both the Ritchie standard (RIB) and the Negus liquid compass (Dl). The 
work thus far arranged provides for independent determination of each element, except declina- 
tion; hence the desirability of using, whenever possible, both compasses for the declination work 
on days between swings. 

x To help guard against error, both needles, before beginning observations, should be remagnetized the same way each 
time, so that for both the A end or the B end will be down 
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b. To afford some experience with the Kelvin compass, the latter should be mounted when 
no horizontal-intensity observations are being made with the sea deflector, and decimations 
should be observed with it. In order to determine the ship deviations for the Kelvin compass, 
as also those for the Negus compass when used for decimation work, several comparative readings 
of the lubber-lines with the Ritchie standard (RIB) should be made before and after a series of 
declination observations on any particular course. 

c. When the Kelvin compass is mounted, attempt should be made to determine the period 
of vibration of the particular card used, and a record be kept of the various places at which these 
experimental observations are made. (The purpose is to ascertain whether a vibration method 
could be as advantageously employed as the present deflection method. The Kelvin compass 
will of course not be kept on the bridge when likely to affect the other work going on at the time 

d . Occasional horizontal-intensity observations with the sea-deflector attachment mounted 
on the Ritchie standard compass (RIB). 

8. Meteorological observations . — -These observations will be made in accordance with the direc- 
tions supplied by the United States Weather Bureau. Whatever additional marine observations 
may be possible must be left to the commander's discretion 

9. Reduction of observations. — The endeavor should be, m general, to keep computations up to 
date, though they should not be allowed to interfere with the time for observations. No attempt 
is to be made to determine and apply precise corrections, the scheme of work in fact being now 
arranged so as to avoid the necessity of applying such corrections, as, e position corrections. All 
corrections to be applied, whether for position or for reduction to standard, now solely affect the A 
coefficient of any element involved, and will not affect the harmonic coefficients B, C, D, and E. 
The analysis will invariably be made without A f and the final determination of A left to the Office. 
It will be best accordingly, at present, not to apply any corrections of the nature mentioned. 

10. Records of observations . The original records are to be promptly forwarded, by registered 
mail, at each port of call, and not be allowed to accumulate any more than necessary. Even if the 
computations are not complete, it will be preferable to transmit the records Abstracts should be 
made of the essential quantities to guard against loss of work in transmission to the Office, and for 
use. aboard ship. . There will thus be afforded the Office opportunity to determine whether any 
revisions in directions are necessary. 

11. Shore observations.— Descriptions of stations and directions are embodied in a separate 
commnnication. 

Prom Instructions of February 10, 1906, Regarding Land Magnetic Observations, 

to W. J. Peters. 

1. The land observations will in general be made principally with the Coast and Geodetic Survey 
magnetometer 36, sea dip-circle 35, land dip-circle 178, and sea deflector 1 mounted on Negus com- 
pass, using magnets 45 and NL. The observations should be arranged so as to vary the corrections 
for diurnal variation and. to reduce the effect from possible magnetic storms as much as possible by 
distributing the observations over two or more days (if there be opportunity) , rather than increasing 
the number on one day. They are also to be arranged so as to secure as good comparisons as pos- 
± * of j e instruments. The results are to be completely reduced before the vessel leaves, m order 
o afford opportunity for repetition, or to ascertain the cause of any observed discrepancy in the 
constants or results. The importance of the land work in the determination of the final corrections 
and constants for the ship work must not be overlooked. 

1 Nsgus compass is mounted on land, decimation observations should be made, 
preferably both by direct reading of azimuth mark and by sun-azimuths, so as to test the azimuth 
devices used on board ship. Adjustments should not be disturbed, however, unless there be good 
case ’ ^ recor( * mus ^ be made. The same statement applies to the testing of 
the Ritchie standard compass and azimuth arrangements, and when deter m ining the intensity con- 
stant for the azimuth circle used, in connection with any deflector observations that may have been 
made. So likewise, if the Kelvin compass has been used for occasionally getting vibrations and 
decimations, certain shore observations will be desirable. These matters must be largely left to the 
commander s discretion, as they depend upon the precise circumstances involved. Shore observa- 
tions and mtercomparisons or tests of instruments may at times be facilitated by establishing a 
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second station in the vicinity of the primary one, say not less than 30 feet away, and placed in the 
direction of one of the azimuth marks, azimuth of which has been or can readily be determined by 
angular measurements. It will thus be possible for two persons to observe at the same time; by 
exchanging stations, data will be obtained for reducing the respective observations to the same 
station. 

3. The principal tests of the instruments will be made at the German Meteorological and Mag- 
netic Observatory, Apia, Samoa, at the Tokio Central Meteorological and Magnetic Observatory, 
also possibly at Sitka Magnetic Observatory. By conference with the respective directors, you will 
be able to decide mutually on the precise manner m which the desired tests and intercomparisons 
are to be made At these, as also at other stations, opportunity will be afforded for the rating of 
chronometers, and for the requisite standardizing of any of your meteorological instruments. 

4. There are inclosed 23 sheets giving information regarding previous stations and observations 
at points along a portion of the route of the coming cruise. No definite instructions can be given as 
to which of these stations it will be feasible to occupy, and this matter will have to be left to the 
commander's judgment. * * * 

CRUISE III OF THE GALILEE, 1906-1908. 

W J Peters in Command 

From Route Instructions of November 22, 1906, to W. J. Peters, Washington, D. C. 

1. As soon as possible after December 1 next, you will please carry out the following cruise: 
San Diego, California, by direct course to Nukuhiva (Marquesas Islands), thence to Tahiti, next 
to Apia, from which port shape a course for Yap, intermediate between that of second cruise and 
Solomon Islands. From Yap, proceed to Shanghai by direct course, thence to Hongkong. 

[From Shanghai the Galilee proceeded to Sitka. Head-wmds prevented making Midway with- 
out considerable loss of time. Near the one hundred and eightieth meridian the course was shaped 
for Sitka on account of the approaching end of the season. Decimations were possible only on 8 days 
between Shanghai and Sitka, owing to continued cloudy weather. The route from Sitka, according 
to supplementary instructions of August 3, 1997, prepared at Sitka, is sufficiently indicated by the 
ports of call — Honolulu, Jaluit, Christchurch, Callao, San Francisco. See also abstracts of logs.] 

Directions of November 30, 1906, for Swing Observations, to W. J. Peters, San Diego. 

1. When everything is finally in place on board as at sea, swing ship on 8 equidistant points 
(both helms) shortly before leaving San Diego, observing as follows: 

A. Decimation observations with the new Ritchie compass 29499 (R3C) and new azimuth 
circle 481, using both prism and alidade, and observing preferably on the Sun. 

B. Horizontal intensity observations with sea deflector 1, using magnet 45, short distance, 
letters up on first helm, and same magnet, letters down, on other helm. (From these observa- 
tions are secured likewise, as. before, the declination deviations for the Negus compass.) 

C. Inclination and total intensity with sea dip-circle 35. On first helm throughout, loaded- 
dip observations, complete set on each point as heretofore; on the other helm, deflection ob- 
servations, long distance, face of suspended needle u direct ” throughout, and set complete on 
each point same as hitherto. [Supplemented December 10, 1906, as follows: In swings, alter- 
nate dip circles 35 and 169, i . e ., if for one swing No 35 has been used then for next swing use 
No. 169. In both cases, however, make deflections only with long distance.] 

D. Should there he opportunity during the swing, it would be very desirable for someone to 
try observing the time of vibration of the new Kelvin card No. 8127 on as many headings as 
possible, (It is desired on this cruise to ascertain definitely whether vibrations are feasible.) 

% All other swings, whether in port or at sea, will be precisely the same as the San Diego ones, 
excepting as pertains to C, first part, viz, if loaded-dip observations were secured on first helm, then 
for next helm make, instead, regular-dip observations with the best dip needle on hand, keeping same 
polarity throughout. Furthermore, helms should be alternated, thus, if on port-helm swing the 
observations consisted of loaded dip (or regular dip), and on starboard-helm swing deflections were 
made, then next time make the latter observations on port-helm swing, and the former on starboard- 
helm swing, etc. 
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3. The liability to changes in ship deviations dependent upon length of time on course pursued 
or on direction of vessel while in harbor, or upon conditions of sea and weather, etc., should be borne 
in mind. Hence swings should be secured at sea as soon as possible after leaving, or before entering 
a harbor, and the harbor swing be made immediately upon arrival. 

4. The San Diego observations should be mailed before departure. 

5. The sea swings will be obtained as often as conditions of sea, weather, and time permit. 

6. Satisfactory swings in one poit at least (if possible two ports) in the Southern Magnetic 
Hemisphere are required. 


Directions op November 30, 1906, foe Course Observations, to W. J. Peters, San Diego. 

1. The course observations will in general be made as on previous cruise, endeavoring, if 
possible, to obtain the three magnetic elements (declination, dip, and intensity) for the same 
geographical position. 

A. Declinations will be obtained as frequently as possible with both Ritchie compass and 
Negus compass, laying principal stress, however, upon the former instrument. Declinations 
with the Kelvin compass are optional, it will not be amiss, however, to experiment further with 
the various azimuth devices employed with this instrument. As indicated under “ Swing direc- 
tions” (ID), it is especially desired to try this compass for vibration observations (If such 
experiments have been made, corresponding shore observations are required for determination 
of intensity constant.) 

B . The sea-deflector work, simultaneous with the sea-dip-circle observations, will consist 
of horizontal-intensity observations, using both magnets 45 and NL (only short distance in each 
case), letters up and down, same as hitherto (When observations are possible with only one 
magnet, use 45). 

C. The sea-dip-circle work will consist, as heretofore, of total-intensity observations made 
between the regular-dip observations. Only one deflecting distance will be used throughout, 
observing, however, each time with both face “direct” and “reversed” of suspended needle. 
For the region in which the dip is above 40°, alternate long and short distance will be used, 
whereas for region below 40° only long distance. [Supplemented on Dec. 10, 1906, as follows: 
Alternate dip circles 35 and 169, i e., if 35 was used at one place of observation, then use No. 169 
the next time.^ In case of No. 169, however, observe deflections with both distances, each time 
whenever possible. ^ For symmetry of the work, it would therefore be desirable to make a double 
set of deflections with No. 35 for the single distance used.] 

D. Miscellaneous observations, astronomical, meteorological, etc., to be made as oppor- 
tunity affords. 

2. While it will be best that each observer have his own particular instrument throughout the 
cruise, it is desired, however, that each one familiarize himself sufficiently with the instruments and 
work of the others, so that, if suddenly called upon, he may be able to perform another’s duties. 
Observers must bear in mmd that for successful office reductions notes can not be too full. 

Directions of November 30, 1906, for Land Observations, to W. J. Peters, San Diego. 

1. Besides the observations with magnetometer and land dip-circle, dips and total-intensity 
observations are required, in each instance, with the sea dip-circle. Deflections, both distances, will 
be made at San Diego, Tahiti, Zikawei, Honolulu, Dutch Harbor, Sitka, and again at San Diego; 
at the other ports only long distance will be used. [Supplemented on December 10, 1906, as follows : 
On land, both sea dip-circles 35 and 169 will be used. Where in the case of No. 35 only one deflection 
distance is prescribed, invariably make a double set. With No. 169, deflections will always be made 
with both distances until otherwise instructed. With No. 35 both deflection distances are to be 
used at San Diego, Tahiti, Zikawei, Honolulu, Dutch Harbor, Sitka, and San Diego, whereas with 
magnetometer 1 both deflection distances are to be used at Tokio, Honolulu, Dutch Harbor, Sitka, 
and San Diego.] 

# 2. Make necessary shore observations (lubber-line on 8 points) for testing compasses and azimuth 
devices used in declination work. (When theodolite-azimuth method is used, as on previous cruise, 
all time data required for likewise computing azimuths should be given without fail.) 



Instructions for the Galilee Work 


127 


3. Make sea-deflector observations for determining intensity constants (lubber-line on 8 points). 

4. Especial care should be taken with the shore observations, varying the conditions as far as 
feasible, making them m sufficient number to insure good determinations, and distributing them so 
as to eliminate, as far as possible, diurnal-variation corrections. When it is necessary to occupy 
two stations, some tests should be made to insure that there is no appreciable difference in the 
values of the magnetic elements at the two stations. Full descriptions of land stations must be 
given. Even if an old station is reoccupied some statement should be made as to surroundings, etc 
Notes as to geological formation are specially desired. Observers should remember that the office 
computer has no knowledge as to the conditions under which observations were made. When 
intercomparisons are made with other instruments, full record should be made as to methods used 
and of instruments compared with. In intercomparisons with observatory instruments, stations 
should likewise be exchanged, unless the local observer deems the exchange unnecessary. 

5. Prime attention should be paid to the official photographic views of stations, instruments, 
observing party, foreign observatories, etc., for use in illustrations for the published reports. 

6. When necessary to observe dip or intensity out of meridian, make the observations, whenever 
possible, in magnetic azimuth : a = =•= 45° The same remark applies to sea observations. 


From Directions of August 5, 1907, to W. J. Peters, Sitka, Alaska. 

In the future ocean and land magnetic work, the following decisions are to be observed : 

a. The determination of constants for sea dip-circles 169 and 189 should also include 2 sets of 
regular-dip observations with the suspended needle used in deflections, but not reversing polarity. 

b. The vibration observations with the Kelvin card may be discontinued. [These observations 
had been extended over a period long enough to show that the vibration method of obtaining inten- 
sity, with the present appliance, would not be satisfactory.] 

c. In order to facihtate swings, the deflector observations may be reduced to 2 sets, instead of 4, 
as hitherto, on each heading. On the first-helm swing, one deflector magnet will be used throughout 
and in the other-helm swing the second magnet will be used. Should experience show that this 
reduction in the number of sets is not advantageous, you are at liberty to increase the number. 
Furthermore, if there are cases in which it is more advantageous to make a swing first for declination 
deviations alone, and thereafter for the other elements, you are authorized to do so. 

d. The sea-deflector observations on course will require special attention. Both lubber-lines 
will invariably be read. The same method as employed at Sitka will be used. In order to vary the 
conditions somewhat, make sets as follows 

(1) “A” of azimuth-circle bows towards observer. 

(2) “B” " “ " << 

(3) "A” 

(4) "B” “ “ “ “ 

Similarly 4 sets with the other magnets. 

e. Whenever there is choice as to sea dip-circle, give preference to 189. 

/. At Honolulu, obtain the intensity constants for the two sea dip-circles for as great a range of 
temperature as may be possible. For sea deflector 2 (D2) , after the observations have been made on 
8 points for both magnets, then make them on the intermediate 8 points at a temperature differing as 
widely from the first set as conditions permit. 

From Instructions of May 2, 1908, to W. J. Peters, San Francisco. 

1. Upon arrival at San Francisco, you will carry out all observations in connection with the 
swings of vessel which may be necessary for the satisfactory and complete reduction of the ship 
observations. Before making any alterations of vessel, please wire your opinion as to the satis- 
factory outcome of observations. It will be highly desirable to make complete swings on at least 
two days for all elements. You will be informed later whether to proceed with alterations. 

2. The principal land-station for the testing of instruments will be Goat Island, as in 1905. 
Observations at this point should extend over at least 2 days to secure a satisfactory determina- 
tion of secular change. San Rafael is likewise to be occupied on 2 days. * * * 



EXTRACTS FROM FIELD REPORTS AND ABSTRACTS OF LOGS 

OF THE GALILEE. 


The following extracts from field reports made to the Director at the end of 
each cruise by the respective commanders of vessel will serve not only to supple- 
ment what has already been given, more or less briefly, on pages 8 to 14, but will 
also be found to contain most interesting and valuable information as to the con- 
ditions encountered, the work done, and the manner in which a cruise was accom- 
plished. 

EXTRACTS FROM FIELD REPORTS. 

J F. Pratt* Alterations of the Galilee, and her First Crtjise. 


1. Beginning at San Diego, Cal , the scientific personnel of the ocean party in my charge was as 
follows: J F. Pratt, in command, Dr. Hobart Egbert, surgeon and observer; J. P. Ault, observer, 
and P C. Whitney, observer and watch officer. [The Director, Dr. L. A. Bauer, accompanied the 
vessel on the experimental portion of the cruise from San Francisco to San Diego, during which he 
supervised the arrangements for the scientific work, completed the training of the observers m the 
magnetic work, tried out and devised the methods of observation, and decided on the final prograpa 
of work. Under Ms direction, also, Messers Egbert and Ault made the required observations m the 
vicinity of San Francisco for determining the magnetic elements at the locality selected for swinging 
ship, and for the determination of magnetic constants of the various instruments and of the vessel.] 

2. My entire connection with the Department of Terrestrial Magnetism of the Carnegie Insti- 
tution of Washington was as follows: Between April 16 and June 3, 1905, my services were of an 
advisory nature, relating to weather conditions for the forthcoming cruise, the questions of stability, 
construction of ordinarily composition-fastened vessels, with special reference to the amount of 
iron m their hulls, suitable rig, reconstruction of quarters, and the recommendation of the use of a 
specially constructed flying bridge. Between June 4 and December 17, 1905, at the request of the 
President of the Carnegie Institution of Washington and by permission of the Honorable the Secre- 
tary of the Department of Commerce and Labor, I was on leave of absence, without pay, from the 
Coast and Geodetic Survey, and on annual leave granted by the Department of Commerce and 
Labor from December 18 to 22, 1905, being under pay from the Carnegie Institution of Washington 
from June 4 to December 22, 1905. Between December 23, 1905, and February 8, 1906, my services 
were gratuitous; they consisted in conferring with the owners of the vessel regarding the changes 
mentioned m paragraph 32, in acquainting my successor (W. J. Peters) with the condition and 
necessities of the vessel, etc. Between February 9 and 28, 1906, I was again on leave of absence, 
without pay, from the Coast and Geodetic Survey, and under pay from the Carnegie Institution of 
Washington. 

3. On June 6, 1905, just after my arrival in San Francisco from Seattle, Washington, a confer- 
ence was held with the owners of the Galilee , and an understanding arrived at as to the contemplated 
changes and the manner m detail of carrying them out. 

4. The Galilee is a brigantine, her custom-house register being 354 gross and 328 net tons, length 
132.5 feet, breadth 33 5 feet, depth 12.7 feet; crew 8, built in 1891 at Benicia, California. Her 
general dimensions are approximately as follows: 


Feet 

Length over all, extreme . 189 

Length over aU, of hull . . 140 

Length on water line as ballasted for cruise . . 128 

Overhang, forward . .35 

Overhang, aft. . .85 

Breadth, extreme . 32 5 


Feet 

Draft, extreme as ballasted for cruise . 10 

Freeboard bow . . . 13 

Freeboard stern ... . 10 

Least freeboard, including bulwark as ballasted. 8 5 
Height of fore truck above water line 120 

Height of main truck above water line . 121 


The sails used during the present cruise consisted of the following, foresail, lower foretopsail, 
upper foretopsail, fore topgallantsail, fore royal, jib, flying jib, outer jib, middle mainstaysail, 
leg-of-mutton mainsail, ringtail maintopsail, and fore balloon-studding-sails; the combined area of 
the foregoing being approximately 10,952 square feet. 
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5. This vessel has the reputation of being one out of three of the smartest small sailing-vessels 
on the Pacific Coast of the United States, her greatest record being 308 miles in 24 hours with full 
cargo. It will be observed that the length of her masts is practically her water-line length. Owing 
to the great proportionate beam, 1 to about 4, and large, very flat floors, she is unusually stiff; her 
lines are not particularly easy, her speed and capacity to carry on sail being greatly due to the large 
dead rise, 1 to about 3, combined with great stability and comparatively light draft. The hull and 
spars are constructed of Douglas fir. The Galilee is a composition-fastened vessel, i.e., the outside 
planks are fastened with composition (a grade of brass) spikes. The frames are “ sawed out,” are 



double, being about 12 inches by 12 inches and spaced, from center to center, 28 inches; the deck 
beams are about 10 inches by 12 inches and spaced about 4 feet. The broken lines in Figure 4 show the 
distribution of iron fastenings in frames, hanging knees, and deck beams ; the bosom and lodging 
knees together contain about the same quantity of round iron fastenings as the hanging knees. 
The double broken lines include round iron fastenings, while the single ones indicate iron spikes. 
The round iron fastenings vary in size from f-inch in the bulwark caps to lj-mches in the keelsons 
and sister keelsons, those in the thick strakes of the ceiling and hanging knees being about 1 inch; 
the spikes are i-inch and J-inch square m cross-section, varying in length from 7 to 10 inches. 

6. The Galilee's standing rigging was composed of the customary galvanized-iron wire rope, 
which had to be removed and hemp substituted; as hemp standing rigging has become obsolete*, 
except for vessels used in Arctic regions, sufficient hemp of the various sizes required could not be 
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obtained on the Pacific Coast. In consequence a blne-prmt plan of the original rigging was furnished , 
at the instance of the Director of the Department, to a firm in Philadelphia, Pennsylvania, which 
supplied the requisite material, shipping it as fast freight to San Francisco. During the period of 
transit of the hemp rigging, a competitive award was made with a firm of riggers to strip the vessel 
of the old wire, and to fit and set the new gang of hemp, all of which was accomplished, inspected, 
and accepted by July 17, 1905. 

7. The officers’ quarters of the ship consisted of a very small cabin and 3 adjacent staterooms, 
which accommodated the sailing-master and the two mates only. As it was necessary to have addi- 
tional room for the scientific personnel, the necessary quarters were provided by designing and 
constructing an additional house forward of and against the old one. Although separated from the 
old cabin by a solid bulkhead, the new deck-house appeared as a continuation of the original house, 
it being of the same width and length. This addition was approximately 20 by 22 feet outside 
measure, and contained a combined working, dining, and living room, with 3 staterooms opening off 
on the starboard side, and a transom and small pantry on the port It was originally intended that 
the scientific party should consist of commander of vessel and 2 observers, hence the 3 single state- 
rooms were deemed sufficient. However, a few days before sailing, it was decided that an additional 
observer was necessary, but, as there was insufficient time to construct an additional stateroom, he 
was obliged to sleep on the transom throughout the cruise. The furnishings, selected and procured 
for these quarters, consisted of linoleum for the deck, a small floor rug for each of the staterooms, 2 
pairs of blankets for each person, crockery, glass, plated ware, and cooking utensils sufficient for the 
number of persons, and table and bed linen in sufficient quantities to last with care for periods of 6 
or 8 weeks. 

8. The fresh-water tanks had been carried on the main deck m front of and against the after 
house; before commencing the construction of the new house, they were moved to the forward portion 
of the hold. In addition to the old ones, the owners added more tanks, stowing them m the same 
locality, so as to nearly double the fresh-water storage capacity of the vessel. 

9. The after portion of the forward deck-house contained a donkey engine for hoisting, and a 
boiler; these with all their fittings and fastenings were taken out and put ashore, the space occupied by 
them being fitted up as a forecastle. As the galley, being 6 feet by 9 5 feet and containing a cooking 
range with a small cook’s bench, was too small for 2 men to work in at a time, the original fore- 
castle was fitted for and used as a store room and a steward’s working pantry. 

10. The elevated flying bridge, alluded to in paragraph 2, was constructed entirely of wood, 
with brass and copper fastenings, the deck of the bridge being 6 feet 1 inch by 31 feet 8 inches, and 
12 feet 1 inch above the mam deck. It was so designed that the instruments mounted on their 
respective stands and binnacles would be between 15 and 16 feet above the mam deck, and at least 
12 feet above the horizon of the windward waterway when the vessel was heeling 10°. The bridge 
was supported by 3 sets of trestles, proportioned so that their tops were of the same width as 
the bridge, and spread so that their bases were about 10 feet 8 inches; 2 sets of these supports 
were bolted with brass to the main deck, and the third of the same proportion was bolted to the top 
of the forward house. The deck sills (corresponding to mud sills) were about 8 inches by 8 inches, 
the supports were 6 inches by 6 inches; and were carefully braced m both fore-and-aft and athwart- 
ships directions. The sills of the bridge proper were 4 inches by 8 inches, and the hand-rails were 3 
feet high; the bridge was reached by a companion ladder leading up through a trap-door in its after 
end, and also by one leading from the forward end down to the roof of the forward house. (PI 1, 

Fig. 3 -) 

11. The final completion of the flying bridge was postponed until the arrival of the instruments 
from Washington; on their receipt it was soon completed, and the instruments were spaced and 
arranged in accordance with the Director’s instructions. 

12. The Galilee's crew, according to the charter-party, consisted of 2 mates, 6 seamen, a ship’s 
cook, and a steward for the separate mess of the scientific party These 10 men, together with the 
sailing-master, were furnished by the vessel owners, subject to the approval of the commander of 
the vessel. 

13 By August 1, 1905, the stores for the cruise were stowed aboard, and the instruments on the 
bridge were carefully adjusted and alined. On August 2, 3, and 4 the vessel was swung, under the 
Director’s instructions and supervision, in the channelway between Goat Island and the Berkeley 
water-front, San Francisco Bay. The swings were made with the Galilee in tow, astern of a tug, 
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first on an even keel with both helms, and then with both helms heeled to port and starboard, suc- 
cessively, as much as could be accomplished with the weight of two heavy boom-sticks hoisted out of 
water, first on one side and then on the other. The vessel was so stiff that the weight, which was all 
that could be handled with the available purchase, listed very much less than anticipated. 

14. On August 5, 1905, at 2 p. m., the Galilee was towed out of San Francisco Harbor, and just 
outside the heads we set sail for San Diego, California. By standing offshore about 200 miles, it 
was hoped that we would be beyond the foggy and overcast influence of the northwest trades on the 
coast, but such was not the case. We then headed inshore toward Point Conception for a possible 
change for the better m the vicinity of Santa Barbara Island, but with ill success. It was not until 
the afternoon of the 10th, when northeast of San Clemente Island, that the Sun shone, and the ship 
was swung under sail for the first time. At 4 k 30 m p. m. August 11, we anchored at the entrance of 
San Diego Bay, 6 days from San Francisco, and signaled for a tug to tow us in, but could not get one 
until the afternoon of the following day; so we did not come alongside the dock in San Diego Harbor 
until 4 h 30 m p m. August 12, 1905. During this experimental cruise from August 6 to 12 the new 
hemp rigging had to be temporarily set up at sea, and at San Diego it all had to be systematically 
and carefully set up, and some of it had to be turned in and reserved. 

15. Between August 14 and 21, 1905, magnetic observations were made at 4 shore stations at 
San Diego and vicinity in order to find 2 stations having practically the same declination and so 
situated that the ship could be swung between them. On August 22 and 23 the ship was swung 
at San Diego, between the two selected shore magnetic stations, one on each side of the channel-way. 

16. Based on shore experiments at San Diego, the distance was increased between the standard 
compass 29971 and the deflecting compass 31974, and the Kelvin compass was removed entirely, 
the sea dip-circle remaining where it was before. As seen from Figure 2 and pages 26-28, the 3 
instruments used on the remainder of the cruise were 10 feet 10 inches apart, the former distances 
being thus increased by 2.5 feet, which was all that the arrangement of the present bridge would 
allow. After the instruments had been carefully adjusted and aimed, so that their Iubber-lmes 
were in the same fore-and-aft plane, the ship was swung on August 24, 1905, at San Diego in the 
same place and manner as on the 2 previous days, for determination of the constants for the 
new spacing of the instruments 

17. Trouble had been experienced with the ship’s small liquid steering compass when swinging 
under sail; this was on account of the small spacing of the subdivisions of the card, so that the 
helmsman could not satisfactorily steady the vessel for the desired heading on which magnetic 
observations were to be made Accordingly, it was necessary to replace the former steering compass 
by the available Kelvin dry compass, with its 12-mch card and large graduations 

18 On August 25, 1905, the day after completion of all swings, the union crew shipped in San 
Francisco struck; being very troublesome, they were paid off and discharged on the following day. 
The next day, the 27th, a new, indifferent crew was hurriedly brought aboard, and an effort was 
made to get away. The tug was alongside, lines singled up, orders given to cast off, when the crew 
all walked ashore and declared that they were not willing to go. Apparently the available seamen 
in San Diego were exhausted, and the owners’ agent telegraphed to San Pedro for men, but the reply 
came back that there were none available there. Learning that there were about 6 men working in a 
brickyard out near La Jolla, who a few weeks previously had left an English ship, I immediately sent 
Captain Hayes, the master of the Galilee, there, and he succeeded in persuading them to ship. On 
the following afternoon, September 1, 1905, the Galilee was towed out of San Diego Harbor, and at 
3 h 35 m p. m. we squared away for Honolulu, taking our departure from Coronado Hotel and Point 
Loma Lighthouse. During the first 2 days out the wind was not fair and we sagged off to the south- 
west, but after that the course was practically a great circle to Honolulu, which was reached on the 
morning of September 16, making a distance of 2,331 nautical miles in less than 15 days 

19. During the first portion of the voyage the weather was unfavorable for magnetic work, very 
showery and overcast, and two of the observers were sick. Conditions were such that the ship 
could be swung on but 2 days, and observations could be made on course on 7 days. During this 
passage most of the rigging had to be set up twice, and many of the lighter and longer stays three 
times. 

20 While at Honolulu all the instruments were taken to the Coast and Geodetic Survey 
magnetic observatory at Sisal, and complete observations were made there for constants This work 
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occupied the observers from September 18 to 21, 1905. The scientific party was engaged in office 
work, preparing the records and computations for transmittal to Washington, from the 22d to the 
27th. During all the time that the vessel was at Honolulu the ship force was constantly engaged m 
overhauling, turning m, and setting up the new standing rigging. On September 28, 1905, the 
vessel was towed out of Honolulu Harbor to and abreast the Honolulu Magnetic Observatory at 
Sisal, where it was swung with both helms, which took until nightfall, when we proceeded to sea. 

21. The cable company at Honolulu reported unusually stormy weather at Midway Island, 
and a schooner from the westward reported that there was extremely heavy weather beyond Kauai. 
Owing to these reports, and the knowledge that all along the windward side of the chain extending 
from Honolulu to Midway heavy weather generally prevails, it was deemed best to go around the 
Hawaiian Islands, via the pass between Maui and Hawaii, and then go northwest from the south 
extremity of Hawaii Island, crossing the heavy-weather belt once or twice rather than to parallel it; 
while in this belt, the sea would be too heavy to make magnetic observations. The course from 
Honolulu was set accordingly, but the light and baffling airs, coupled with unexpected calms and the 
strong westerly current in that region, caused our little sailing-vessel to fall off so that she could not 
make the schooner route from Honolulu to Hilo, via Aleuinhana Channel. When about 300 miles to 
the southward of the southern extremity of the island of Hawaii, the conditions being favorable, I 
decided to continue on to Tanning Island, make a base station there, and cross the chain to the 
westward of Honolulu later, as the winds and currents would now compel us to do under any cir- 
cumstances whatever. Fanning Island was reached on the afternoon of October 10, the vessel being 
out from Honolulu 12 days, and sailing and drifting 1,207 miles During this passage the weather 
conditions were such that the ship was swung on 1 day; on 8 days observations were made on course; 
on 2 days it was too stormy to observe; on 2 days, during which it rained a great deal, course obser- 
vations were made between showers; on 3 days the wind was too light to swing ship, and on 7 days 
the Sun only shone at intervals between showers and clouds. 

22. The “ Pacific Cable Board,” a governmental cable, maintained by some of the Pacific 
British colonies and the home government, has a cable station on Fanning Island and maintains a 
mooring-buoy at the old whalers' anchorage, in front of the station. The shore magnetic station, 
where all the magnetic observations and comparisons were made, is directly back of the cable 
station, between it and the Central Lagoon, and not far from the boat-shed on the lagoon. The 
Galtlee was swung both to port and to starboard from the mooring-buoy, utilizing the prevailing 
wind-and-ocean current, and using long shifting and veering lines. The stop at Fanning Island 
covered 4 days, October 10 to 14. Mr. Smith, the local manager of the cable station, together with 
his corps of assistants, showed the party every courtesy possible. The landing at the cable station 
is on the outside of the ring-shaped island and in the surf. 

23. Fanning Island is about 200 miles from both the geographic and the magnetic equators. 
Judging from weather conditions experienced by Captain Hayes on several occasions between 
Fanning Island and the Pacific coast, it appeared that, under average conditions, we would make 
the passage back to California in ample time. Accordingly it was decided to cross the magnetic 
equator sufficiently to get into a region of south dip of the magnetic needle. By noon of October 17, 
the third day after sailing from Fanning Island, we had reached a point about 90 miles south of the 
equator, where southerly dip of a very appreciable amount was observed, and the vessel's course 
was changed to the northward. Fourteen days later, October 31, we crossed the chain of rocks, 
reefs, and islets that extends m a west-northwesterly direction from the Hawaiian group, at a point 
about 600 miles to the westward of Honolulu. On November 7, 24 days after leaving Fanning Island, 
Honolulu was reached, the distance sailed being 2,963 nautical miles. During this passage the 
weather conditions were such that the ship was swung on 3 days; observations on courses were 
made on 20 days; on 1 day it was too stormy to observe; on 3 days there were calms; on 6 days it 
rained a great deal, but course observations were made; and on 20 days the Sun shone only at 
intervals, either between clouds or showers. During this passage all the rigging had to be set up ; 
some of it twice. 

24. During the stay of 4 days in Honolulu, additional observations were made at the Coast and 
Geodetic Survey magnetic observatory, the vessel was pamted, the rigging was set up, the water- 
tanks were filled with fresh water, and additional subsistence stores were taken aboard. As bubonic 
plague was declared prevalent there at that time, and as the vessel went alongside the naval dock for 
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water and supplies, she was taken alongside the quarantine wharf on the last day of our stay, in 
order to obtain a clean bill of health and to be thoroughly fumigated with sulphui. 

25. On the morning of November 12, 1905, the Galilee was towed out of Honolulu Harbor. 
Sailing to a point abreast of the Honolulu Magnetic Observatory at Sisal, we swung ship there, under 
sail, with both helms; at 5 h 30 m p. m. the swings were completed, and we started on a passage for San 
Diego, Cahfornia. On the second day out the weather became nasty; by dark the sea had increased 
and by 8 o'clock it was blowing a moderate gale northeast. During the earlier portion of the night 
the jib blew away, then the fore weather-braces carried away; while taking m the mainsail, to 
reef it, its spreader became unmanageable and smashed a hole through the deck of the forward 
cabin; then the sheets of the flying jib carried away, and the upper and lower foretopsail weather- 
braces parted, A little later the storm increased to a gale, and the vessel was hove to under reefed 
mainsail, lower foretopsail, and a storm forestaysail, the vessel drifting m the meantime to the west- 
ward. The following day a moderate northeast gale continuing, with heavy seas, we hove to a 
greater portion of the day and were now m what is considered to be the belt of nasty weather that 
continues to the westward beyond Midway Island. The wind continued unfavorable m direction for 
13 days after leaving Honolulu, but on November 26, when in the latitude of the northern boundary 
of California, we got a slant which continued, although very light at times, all the way to San Diego, 
where we arrived on the night of December 9, 1905. During this passage we were out from Honolulu 
27 days, covering a distance of about 3,430 miles. If average weather of the season had been en- 
countered, the passage would probably have been made in about 20 or 21 days. During this passage 
we experienced heavier weather than at any time during the cruise, and we had 2 days calm in the 
latitude of Northern California; the weather conditions were such that the ship was swung on 5 days, 
observations were made on course on 8 days, 2 days were calm, and during 10 days there was heavy 
weather. 

26. Between December 11 and 18 the ship was swung with both helms at San Diego, in the same 
place as when we set out from this port. Complete observations for all the magnetic elements and 
constants were made ashore at the station selected and used before sailing from San Diego. 

27. For the summary of passages for the cruise, see page 143. 

28. During the portion of the cruise from San Diego back to San Diego, making a circuit of 
9,931 nautical miles, observations of air and ocean-surface temperatures were made, tabulated, and 
plotted for intervals of every 4 hours. 

29. After arrival in San Diego, the alinement of the instruments was carefully tested, with the 
result that the vertical planes of their respective keel-lines were all found to be parallel. 

30. Many obligations are due to Captain H. W. Lyon, II. S. Navy, commandant of the naval 
station at Honolulu, who extended courtesies m many ways, in eluding a berth for the Gahlee at the 
naval docks on both occasions of our visit there. 

31. During December 15 to 18 the vessel and work were inspected by the Director of the 
Department, and authorization was given for the changing of the forward house, lengthening of the 
flying bridge, and for other changes (see Instructions, page 118). On December 19, Dr. Egbert 
was relieved from duty on the vessel, and on the following day Mr. Whitney also was relieved, both of 
them returning to their duties in the Coast and Geodetic Survey. By December 21 the property 
returns had been checked off, foremen carpenters interviewed, and arrangements made for the 
proposed changes m the vessel, and on that date I left San Diego for San Francisco, leaving the vessel 
m charge of Observer Ault. 

32. After arriving m San Francisco, details of the proposed changes were gone over by me with 
the managmg owner of the vessel, and a definite understanding was reached. The changes as later 
made were as follows About 8 feet of the after end of the forward deck house was cut off, as 
far forward as the after one of the boat skids; the fore-hatch coamings were trimmed off; the hatch- 
way was filled in and was decked over, and a new galley, about 7 feet by 14 feet, was built over the 
hatchway; the flying bridge was lengthened forward so as to reach within about 18 inches of the 
foremast, a new mast band was designed; the mam stay was raised so that it would clear the new 
forward end of the bridge; the lower foretopsail sheets were changed from iron cable to hemp; the 
hauling part of the upper foretopsail halyards was changed from iron chain cable to hemp; and in the 
observers' cabin an additional stateroom was constructed. The execution of these changes was 
directed by me from San Francisco, Captain Hayes being in charge of the work at San Diego. 
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33. The new commander of the expedition, W. J. Peters, having the party in readiness, arrived 
in San Diego on February 9, 1906. The relative positions of the instruments remained unchanged 
from what they were between August 24 and December 20, 1905. For plan of the extended bridge see 
Fig. 1, Plan C, page 27, the initial point being as m all previous conditions the center of the sea dip- 
circle Before swinging ship, I personally adjusted the instruments with much care for ahnement. 
The change m the forward one was quite considerable, as the bridge, in splicing it out, had taken up 
some wind. The weather during February proved to be unusually bad (for San Diego) for swinging 
ship, there being a great deal of rain, interspersed with cloudy and foggy weather. The vessel was 
swung on February 14, 15, and 26, 1906, m the same place where the previous swings had been made. 
During these swings the vessel was in a normal condition, with the exception that on the last day the 
iron stem-davits were not in place, as they were ashore at a shop serving as patterns for making 
heavier ones to carry a gasoline launch On February 27 I left San Diego, returning to my duties 
in the Coast and Geodetic Survey on March 1, 1906 


W. J. Peters: Discussion of Alidade Correction for Standard Compass R3C 1 


There are many different styles of compasses and compass devices for obtaining the 
magnetic bearing of celestial and terrestrial objects. This discussion is based upon con- 
siderations of the Ritchie azimuth-circle with peep-sight, vertical thread, and dark mirror, 
referred to in this volume as "alidade method” (see AB, PI. 3, Fig. 2). The principles 
are, however, applicable to any compass device which depends upon reflection by mirror or 
prism mounted on a horizontal axis to obtain the desired bearing. 

Let D 0 be the observed magnetic declination, obtained by the alidade method at some 
station where the standard declination at the same instant is D. Furthermore, let — A ae 
be the alidade correction to be applied to D 0 to obtain D. Then 

A„ = D 0 - D 


If, when observing, the mirror axis of rotation is not truly horizontal, or if it is not 
perpendicular to the lme of sight (from lower part of peep-sight to lower end of vertical 
thread of azimuth circle), 2 or again, if the axis does not lie in the plane of the mirror surface 
or is not parallel to it, then A^, as determined from observations with the mirror, will contain 
the combined effect of the conditions mentioned. If the separate effects are represented by 
a, b, c, respectively, then 

Aac = a + lAc + x-D 0 — D 

In this equation x is the part of A ac which in no way depends upon the position of the 
mirror surface. 

If the altitude of the Sun or object sighted is very small, the mirror is nearly horizontal 
and the line of sight from the eye, striking the mirror at an exceedingly small glancing 
angle, is but little affected by a faulty installation of the mirror, so that, for an altitude, 
h = 0, it may be assumed that a + b +■ c = 0. 

For an altitude, h = 180°, the mirror is vertical, the first effect, a, disappears, and b 
and c attain their maximum values, a, b, c are functions of the altitude h, which are 
found from geometric considerations to be as follows: 


a — y tan h 6 = 2 tan h tan 


h 


c = w tan h sec 


h 


The expression for becomes, accordingly 

Aac = x + y tan h + z tan h tan | + w tan h sec | = D„ — D 


( 1 ) 


^his designation applies to the standard Ritchie liquid compass 29499 provided with azimuth circle 4S1-III R3C 
■was used on Cruise III of the Galilee (see pp 31 and 62). 

2 To avoid circumlocution, the expression “peep-sight and vertical thread” is used to denote this line, and “plane of 
apparent bearing”' defines the vertical plane that contains this fine 
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Each observation will give a similar equation, and the most probable values of x, y, z, 
and w may be found from all the observations by the method of least squares. 

In the case of the “alidade method,” the number of unknowns may be reduced by 
methods given below, where each unknown is separately considered. 

x, its significance and value. — x in this discussion, represents the combined results of — 

(1) Non-coincidence of the axis of the magnetic system with the zeros of the card; 

(2) The vertical plane containing the optical ray, peep-sight and vertical thread, not 

passing through center of card; 

(3) Lack of horizontality of reading prism (that is, the optical ray from peep-sight to 

reading thread of prism may not be reflected perpendicularly on to the plane of the 

card graduations) ; 

(4) The vertical thread and the reading thread of reading prism may not lie in the same 

vertical plane; 

(5) Errors of graduation (in some instruments errors have been found amounting to as 

much as 0?3); 

(6) Eccentric mounting of the pivot , 

(7) Altered balance of compass card owing to extreme values of the vertical intensity of 

the magnetic field. 

The value of x may be determined from declination observations at land stations 
where simultaneous standard values are available for comparison, and where it is possible 
to have azim uth marks fairly well distributed around the horizon. If the compass bowl is 
turned or oriented during observations on these marks, so as to set the forward lubber-line 
at any 3 or more equidistant points, e. g., the cardinal points, the mean result of the dec- 
lination from the pointings on any one mark m the equidistant orientations will be free 
from errors of eccentricity of pivot. A comparison of these mean results with the corre- 
sponding standard values of the declination will give a value of x for the bearing of each 
mark. A graph may be constructed or a table calculated from these results, by which any 
compass-bearing of an object in the horizon may be corrected. The differences between 
the individual values of x and the mean of all are the periodic and graduation errors. 
The non-coincidence of the axis of the magnetic system with the zeros of the card, lack of 
horizontality of the reading prism, and any error in the assembling of vertical thread and 
reading thread of the prism may be considered constant for all practical purposes, and 
this combined effect is assumed to be the mean of all observations made for the purpose 
of determining x. Therefore, during the remainder of this discussion, x may be considered 
as determined or known, and represented by x 0 . Equation (1) may then be written 

h h 

y tan h + z tan h tan ^ + w tan h sec ^ = D 0 — D — x 0 (2) 

which contains but three unknowns. 

In the following demonstrations it is assumed that the azimuth circle revolves about an 
axis which is perpendicular to the compass-bowl glass, since the instrument is leveled by a 
circular level resting on this surface. This condition may be verified by placing the instru- 
ment on a solid pier or otherwise making it immovable and then observing two circular 
levels while the azimuth circle is being rotated, one resting on the bowl-glass surface, the 
other on the circle. 

a — y tan h . — If the dark mirror is in perfect adjustment, as it rotates about its axis 
a normal to its surface will move in a vertical plane ( [EZH , Fig. 5), which contains the 
line “peep-sight and vertical thread,” and hence also the object sighted. The intersection of 
this plane with the horizon plane is the apparent and also the true azimuthal direction. 
Figure 5 is an orthographic proj ection upon the plane of the horizon. If the mirror axis 
is inclined to the horizon plane by a small angle, y, the plane EOHPS, now described by 
a normal to the mirror surface as it rotates about its inclined axis, no longer passes through 
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the zenith, but passes to one side by an angular distance (. ZY ) =y. However, the plane 
contains the line “peep-sight and vertical thread,” EOH, which is the apparent azimuthal 
direction of an object, S, in this inclined plane. But the true azimuthal direction of S is 
determined by the horizontal trace of a vertical plane ZOS passing through it, and the 
correction a is the angle SZH between this vertical plane and a vertical plane containing 
the line “peep-sight and vertical thread.” 

From the spherical triangle, SZH, there results 

sin SZ sin SH 
sin SHZ ~ sin SZH 


or 


sin a = 


sin SH OTrrr cos SZ sin y 

• ry ry Sin Oxi * a nr 

sm S Z sm SZ cos y 



but as SHZ = y is less than 1° in instruments constructed with ordinary care, the arcs 
may be substituted for sin a and tan y; introducing h, this equation becomes 

a = y tan h 

It is to be noted that if h is reckoned through the zenith when the Sun is behind the ob- 
server, the formula may be considered general, so, when h = 0° or 180°, a = 0, and when 
h — 90°, a becomes infinite, and for h > 90°, tan h is negative. 

Let the mirror be made parallel to a line in the surface of the compass-bowl glass, which 
line in turn is parallel to the line “peep-sight and vertical thread,” that is, let the mirror be 
rotated about its aids to a horizontal position. Next turn the azimuth circle until the direc- 
tion to a very distant object is at right angles to the line “peep-sight and vertical thread.” 
Then, if angular measures are made with sextant or theodolite between this distant object 
and its reflections, as given by the mirror and compass-bowl glass, respectively, one-half the 
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difference of these two measures is the angle between the mirror surface and compass-bowl 
surface, and is the combined effect of y and w. So that, if m represents this effect, then 


m = y-\-w or y — m, — w 


which, substituted in equation (2), gives 

l T 

m tan h — w tan h + z tan h tan ^ + w tan h sec ^ = D 0 — D — (3) 

which contains but two unknowns, when m has been determined. 



Fig. 6. 


when the mirror axis is not perpendicular to the line “peep-sight and vertical thread,” 
then as the mirror is rotated, a normal to its surface moves in a plane FOGZ, Figure 6, 
passing through the zenith and making a constant angle, z, with the line "peep-sight and 
vertical thread.” It intersects the celestial sphere in a great circle FPZG. For a par- 
ticular altitude, h, the normal, OP, to the mirror surface, intersects this circle in a point P, 

Ti ♦ 

at a distance from the zenith Z equal to The Sun is found in a plane, EPSH, contain- 
ing the “ peep-sight and vertical thread,” EO, and the normal, OP. The error, l, is the angle 
SZH between the vertical plane ZS, through the Sun, and the vertical plane EOE, 
containing the line “ peep-sight and vertical thread.” 

The quadrantal triangle, PZE, gives 

tan PEZ = sin PZE tan PZ = sin z tan | 
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The triangle, SZH, as before, gives 

sin SZH — tan SHZ tan h 
but SHZ is equal to PEZ, hence when z is small 

b = z tan h tan ^ 

If the altitude is reckoned through the zenith for the Sun behind the observer, the 
formula is general; so, when h = 0°, b = 0, and when h = 180°, 6, evaluated, = — 22 !, 
which evidently agrees with the physical fact. 
h 

c = w tan h sec — If, during Sun observations, the dark mirror is in perfect adjust- 
ment, a normal to the surface will move in a vertical plane which contains the line “peep- 
sight and vertical thread,” EO, and hence also the Sun. This plane, whose horizontal 
trace is the Sun’s azimuthal direction, intersects the celestial vault in a great circle EZH 
(Tig. 7). If the axis of the mirror is horizontal and perpendicular to the line “peep-sight 
and vertical thread,” but does not lie in the plane of the mirror surface or parallel to it 



( i . e., “the mirror is not true in the frame”), the normal no longer describes a plane, but the 
surface of a broad cone, which intersects the celestial vault in a small circle VW, parallel 
to the great circle EZH, and at an angular distance, w, from it, measured by the arc WZ. 
The Sun is now found in a plane EPZ'SHO, which contains the line “ peep-sight and vertical 
thread,” the normal, and the Sun. This plane forms an angle SHZ = PEZ with the plane 
of the apparent azimuth. Since the normal PO bisects the angle between the incident ray 

SO and the reflected ray OE, PZ' — ^ SH , or PE = 90° — ^SH. From the right-angled 
spherical triangle with PE as hypothenuse, formed by drawing an arc from P perpen- 
dicular to EZ, equal in length to w, sin PEZ = sin SHZ - sin w see ^ SH. 

Jd 
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In the spherical triangle SHZ, sin SZH = sin c = 


sin. SH 
sin. SZ 


sin SHZ, hence, 


sin c = sin w 


sin SH 
sin SZ 


see | SH 


sin w 


sin SH 
cos h 


sec \ SH 


When w is small, c is also small, and SH does not differ appreciably from h, hence thi3 
equation may be written 

c — w tan h sec | 


If h is reckoned through the zenith, the formula becomes general, so for h= 180° 
there results, when evaluated, c = —2 lie, which agrees with the physical fact. 

Let the mirror be turned on its axis until its surface is vertical, or so nearly so that 
the reflected image of the peep-sight may be observed through the peep-sight. Then, if 
this image does not coincide with the vertical thread, the displacement may be measured 
by reading a white scale held against the peep-sight. This displacement is equal to the 
combined effects of z and w and may be represented by the equation 

2 n = 2 (z +- w) 

The ratio of this displacement to the distance between the mirror surface and peep-sight 
is tan 2 n. 

Since n may be determined from direct linear measurements, z - n — w may be sub- 
stituted in equation (3), which gives 

h 

D 0 — D— x 0 — m tan h — n tan h tan ~ 

w h (4) 

tan h + tan h tan ^ — tan h sec ^ 

The equation now contains but one unknown, w, which varies with the altitude and which 
may be determined from solar observations. It is evident that the best determination of 
w will result from those observations which give a large numerical value to the denominator; 
hence only high Sun observations should be used to determine w from this equation. 


Application of Preceding Theory to Measures Made at Honolulu, 

September 6 and 7, 1907. 

m = y + w for standard compass R3C was measured at the Honolulu Magnetic 
Observatory, and its value was found to be — 0?10. The sign was determined by 
considering the relative size of the angles between the distant object and its images in 
the compass-bowl glass and mirror. It was found that the normal was deflected to the 
left when looking m the direction “peep-sight and vertical thread” (i. e., the direction 
used in observing) . Therefore, any observed compass-bearing of a high Sun was too great 
(clockwise). If a 0 be the observed bearing, always clockwise from the south point, and a 
the true azimuth, then 
D 0 = a — a 0 

In this equation, if o. 0 is too great, D 0 is small as compared with D, so in. the equation 

A ac = D 0 - D 

if D 0 is smaller than D, because the normal is deflected to the left, then that part of A ac 
which is due to this deflection is negative. 



140 


Ocean Magnetic Observations, 1905-16 


The linear displacement due to 2n = 2 ( z +• w), was measured on board ship by a 
scale held against the peep-sight and was found to be 4.75 mm. The distance between 
the mirror and peep-sight is 226 mm., and since the image of the peep-sight was deflected 
to the apparent right, 


tan 2 n = tan 2 (z + w) = — 


4.75 

226 


or n — — 0?60 


The sign was verified by actual experiment. Using a small sextant mirror, it was 
found that if it was turned so as to deflect the peep-sight image to the right the bearings 
were too large (clockwise). 

The values of y, z, and w as finally determined from a least-square adjustment of all 
observations made with this instrument, are the respective numerical coefficients in the 
following equation : 

Aac~ x 0 = — 1?682 tan h — 1?173 tan h tan^ +• 12750 tan h sec k 

Z Z 

The observed values of A^, h, and the weights p assigned in the above-mentioned 
least-square adjustment are tabulated below, together with the differences between the 
observed values of Aa- and those obtained by computation from the derived formula. 
These differences are given in the column headed O — C. 


Table 41 . — Portion o] Alidade Corrections for Standard Compass BSC Dependent on Altitude 


No 

Station 

Date 

Sun’s 

( A ac x 0 ) 

O-C 

V 

alt (h) 

Obs’d 

Comp’d 

1 

San Diego 

1906 
Dec. 14 

o 

33 

0 

-0 11 

0 

-0 13 

o 

40 02 

2 

2 

Do 

Dec. 15 

9 

4-0 06 

0 00 

40 06 

2 

3 

Papeete, Tahiti . 

1907 
Feb. 9 

55 

-0 45 

-0 46 

40 01 

1 

4 

Do 

Feb. 9 

64 

-0 99 

-0 72 

-0 27 

* 

5 

Do . 

Feb. 12 

36 

-0 23 

-9 16 

-0 07 


6 

Do .. 

Feb. 12 

24 

-0 11 

-0 06 

-0 05 

2 

7 

Yap . 

Apr. 16 

16 

-0 08 

-0 02 

-0 06 

2 

8 

Do . 

Apr. 17 

52 

-0 45 

-0 39 

-0 06 

2 

9 

Do. . . . 

Apr- 17 

23 

-0 14 

-0 06 

-O 08 

2 

10 

Woosung 

May 20 

17 

-0 03 

-0 03 

0 00 

2 

11 

Do. 

May 20 

51 

-0 43 

-0 37 

-0 06 

2 

12 

Do. 

May 25 

32 

-0 17 

-0 12 

-0 05 

2 

13 

Do 

May 25 

9 

-0 03 

0 00 

-0 03 

2 

14 

Sitka 

July 20 

50 

-0 35 

-0 36 

40 01 

1 

15 

Do 

July 20 

47 

-0 23 

-0 31 

40 08 

1 

16 

Do 

July 20 

23 

+0 03 

-0 06 

40 09 

1 

17 

Do 

July 20 

16 

-0 01 

-0 02 

40 01 

2 

18 

Honolulu 

Sept 6 

14 

-0 04 

-0 02 

-0 02 

2 

19 

Do. 

Sept 7 

11 

+0 03 

-0 01 

40 04 

2 

20 

Do 

Sept 7 

44 

-0 19 

-0 26 

40 07 

2 

21 

Jaluit 

Oct. 29 

10 

4-0 02 

0 00 

40 02 

2 

22 

Christchurch 

1908 
Jan 4 

63 

-0 57 

-0 68 

40 11 

2 

23 

Do. . . . 

Jan. 4 

44 

-0 38 

-O 26 

-0 12 

2 

24 

Do. . . . 

Jan 4 

21 

4-0 13 

-O 05 

40 18 

2 

25 

Callao 

Mar 17 

34 

-0 05 

-0 14 

40 09 

2 

26 

San Francisco. 

May 20 

10 

40 02 

0 00 

40 02 

2 
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ABSTRACTS OF LOGS OF THE GALILEE. 

J. F. Pratt: Abstract of Log, Cruise I, 1905. 1 

San Francisco to San Diego, California. 



Noon position 

Day’s 

run 


Date 

Lat 

Long 

E of Gr. 

Remarks 

1905 
Aug 5 

6 

7 

8 

9 

10 

11 

o r 

San Francis 
36 30 N. 
34 56 N. 
32 49 N 

32 52 N. 

33 09 N. 
San Diego 


miles 

134 

174 

132 

59 

83 

58 

2 p. m left San Francisco 

Gentle to moderate breezes from W Cloudy and misty. 

Moderate breezes from NW by N Overcast 

Light variable airs Overcast. 

Light airs to light breezes from "W. Cloudy and foggy 

Light to gentle breezes from W Partly cloudy. Swung ship under sail 
Light to gentle breezes from W Fine weather. Swung ship under sail 
4 h 30 m p m anchored in harbor of San Diego 


Total distance, 640 miles. Time of passage, 6 1 days. Average day’s run, 106 0 miles 


San Diego, California, to Honolulu, Territory of Hawaii. 


1905 
Sept 1 

0 

San 

/ 

Diego 

0 

/ 

imles 

1pm left San Diego Light airs from WSW to W. Moderate head swell. 
Clear Weather 

2 

31 

32 N 

241 

47 

84 

Light airs to moderate breeze from W. to WNW. Moderate head sea 
Cloudy to partly cloudy. 

3 

29 

26 N 

238 

55 

194 

Moderate breezes from NW. Moderate head sea Partly cloudy to cloudy. 

4 

28 

44 N. 

235 

44 

172 

Moderate breezes from NW to Overcast. 

5 

28 

23 N. 

232 

16 

184 

Gentle to moderate breezes from N. Sea moderate Cloudy 

6 

28 

01 N. 

228 

43 

189 

Gentle breezes from N Sea moderate. Cloudy, with passing showers 

7 

27 

39 N. 

225 

22 

179 

Gentle breeze from NNE with moderate following sea. Overcast 

8 

27 

19 N. 

222 

42 

143 

Light to gentle breezes from NE Sea moderate Overcast 

9 

26 

52 N. 

220 

43 

109 

Light airs from NE Overcast followed by clearing weather. 

10 

26 

11 N. 

218 

16 

138 

Light to moderate breezes from NE with heavy following swell Cloudy, 
with passing showers, followed by clear sky. Ship rolling. 

11 

25 

29 N 

215 

56 

133 

Moderate breeze from NE Clear to cloudy Swung ship under sail Logs 
hauled in during swing Ship rolling considerably 

12 

24 

36 N. 

213 

36 

138 

Variable breezes Light showers, followed by clear weather Moderate 
following ground swell. Swung ship in p m 

13 

24 

00 N 

211 

07 

141 

Moderate breezes from NE Moderate following ground swell Clear 

14 

23 

00 N 

208 

22 

163 

Moderate breezes from NE Moderate swell Partly cloudy 

15 

21 

38 N 

204 

31 

229 

Moderate to stiff breezes from NE with heavy following sea Clear to 
cloudy. 

16 

Honolulu 



135 

8 h 15 m a m docked at Honolulu Partly cloudy 


Total distance, 2,331 miles Time of passage, 14 8 days Average day’s run, 167.6 miles 


Honolulu, Territory of Hawaii, to Fanning Island 


1905 
Sept 28 

O f 

Honolulu 

o 

r 

mzles 

1*30™ p m left dock at Honolulu Variable winds Clear weather 
Swung ship off Barber’s Point by tug 

29 

19 

57 NT 

• 


Be- 

calmed 

Calm, with no headway all day. 

30 

19 

35 N 

202 

55 

112 

Calm, with no headway ail day 

Oct 1 

19 

23 N 

203 

14 

22 

Calm and light variable airs West wind at 8 p m 

2 

17 

48 N 

203 

48 

100 

Fresh breezes from E , with rain squalls Heavy sea. Clear to partly 
cloudy. 

3 

14 

50 NT 

204 

22 

181 

Moderate to stiff breezes with heavy swells from E Clear to cloudy, with 
squalls 

4 

11 

01 NT 

204 

52 

231 

Variable winds with ram squalls, passing showers and lightning 

5 

9 

14 N 

204 

42 

107 

Calm and light variable airs Heavy rain squalls No steerage at times. 

6 

7 

29 N 

204 

28 

106 

Light breezes from NNE Cloudy with heavy ram showers, partly clear m 
afternoon. 

7 

6 

04 N 

204 

04 

88 

Light to gentle breezes from SE Fine weather 

8 

4 

11 N 

201 

34 

187 

Gentle breezes from SE Clear weather. 

9 

4 

24 N 

201 

05 

32 

Light airs from SSE. Clear sky Fine weather. 

10 

Fanning Island 


41 

2pm made fast to mooring-buoy off cable station at Fanning Island 
Light breezes from NE Clear sky. 


Total distance, 1,207 miles. Time of passage, 12 0 days. Average day’s run, 100.6 miles- 


^or leport on this cruise, see pages 128-134, also p 10 
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Fanning Island to Honolulu, Territory of Hawaii 



Noon position 



Date 

Lat 

Long 

E of Gr. 

Day s 
run 

Remarks 

1905 
Oct 14 

O i 

Fanning la 

o / 

an^ 

miles 

Swung ship 7 h 30 m p m let go mooring-buoy at Farming Island 

15 

2 19 N 

200 35 

96 

Light airs to fresh shifting breezes Heavy ram squalls Clear, then cloudy 

16 

0 14 N 

198 35 

173 

Gentle to moderate breezes from SSE to ESE Cloudy, with passing 
showers, followed by fine steady weather. 

17 

1 30 S. 

197 14 

132 

Gentle breezes from E and NE Fine weather 

18 

0 20 N 

195 34 

149 

Moderate breezes to light airs from NNE , diminishing Clear sky 

19 

1 24 N 

194 00 

114 

Light airs from NE to ESE. Clear sky 

20 

2 36 N 

194 00 

72 

Light airs from SE to S Partly cloudy, with passing showers p iu 

21 

3 08 N 

194 36 

48 

Gentle breezes to light airs from S to SSE Rain squalls a m Cloudy 

22 

4 28 N 

195 53 

111 

Light breezes from SE to ESE Cloudy weather, but dealing at inghi 

23 

6 39 N 

196 09 

132 

Light breezes from NE Fine clear weather 

24 

8 46 N 

195 28 

133 

Moderate breezes from NNE to ESE Modeiate swells from NE Paitly 
doudy Ram squalls. 

25 

11 46 N 

194 33 

188 

Moderate to stiff breezes from NE Moderate swells from NE Clear 

26 

14 53 N. 

192 47 

214 

Moderate to stiff breezes from NE Clear sky 

27 

17 31 N 

191 37 

172 

Gentle to moderate breezes from NE to ENE Blue sky to cloudv with 
passing showers Observations interrupted by squalls 

28 

19 51 N 

190 55 

145 

Modeiate bieezes from ENE to NNE. Clear blue sky 

29 

22 37 N. 

1 190 31 

168 

Light breezes from E Clear, fine weather 

30 

24 15 N. 

191 07 

103 

Light breezes from SE , diminishing to calm Clear blue sky No headway 
after noon Quantities of small drift on surface. 

31 

24 14 N 

191 06 

1 

Calm to light breeze from NE. Cloudy to partly cloudy No headway a m 

Nov 1 

25 09 N. 

191 08 

55 

Light airs from SE to S , followed by calm Fine clear weathei 

2 

25 37 N. 

192 40 

88 

Gentle breezes from S. Cloudy weather, clearing m afternoon 

3 

25 47 N 

195 47 

169 

Moderate to stiff breezes from SSE Dark, stormy-lookmg weathei, with 
passing showers 

4 

25 44 N 

199 07 

180 

Variable winds Overcast and doudy, with rain and squalls 

5 

24 32 N 

199 48 

81 

Moderate breezes from N, with heavy following ground swell Cloudy 
with passing showers 

6 

1 7 

23 08 N 
Honolulu 

m _ a _ i i 

201 25 

122 

117 

Gentle breeze from NNE Clear to cloudy, with passing showers of ram 

5 30”pm docked at Honolulu Gentle breezes from NE (dear weather 


Total distance, 2,963 miles Time of passage, 23 9 days Average day's run, 124 0 miles 


Honolulu, Territory of Hawaii, to San Diego, California 


1905 

0 t 

O f 

miles 

* 

o 

£ 

Honolulu 



13 

23 07 N 

201 14 

120 

14 

24 21 N 

201 08 

74 

15 

25 09 N 

199 19 

110 

16 

2S 40 N 

197 54 

119 

17 

28 14 N 

196 29 

121 

18 

29 33 N 

196 46 

80 

19 

31 29 N 

199 44 

192 

20 

32 26 N. 

203 46 

213 

21 

33 26 N 

207 15 

185 

22 

36 13 N 

206 31 

171 

23 

39 23 N 

208 25 

210 

24 

40 38 N 

209 09 

82 

25 

41 06 N 

209 19 

29 

26 

41 11 N 

209 40 

17 

27 

40 40 N 

213 02 

156 

28 

39 25 N 

I 218 22 

256 

29 

37 53 N 

222 26 

212 

30 

37 16 N 

224 12 

92 

Dec 1 

36 45 N 

227 57 

182 

2 

36 32 N 

230 36 

128 

3 

35 58 N 

231 45 

65 

4 

35 54 N. 

234 26 

130 

5 

34 20 N. 

235 32 

108 

6 

33 34 N. 

237 09 

104 

7 

33 14 N 

239 53 

125 

8 

32 58 N. 

241 17 

72 

9 

San Diego 


77 


Total distance, 3,430 miles 


® a , m ’ wliarf under tow Moderate breezes from NE Fine weather 
Moderate breezes from ENE Small sea Clear weather Swung; ship 
Moderate to fresh breezes from N to N by E Heavy sea Clear to cloudy 
with passing showers and squalls ’ 

Fresh breezes to strong gales, with heavy seas from NE Cloudy, passing 
showers and wind squalls * 

Moderate breezes from NE Cloudy, with passing showers 
Light breezes from NE to E , diminishing. Clear sky Swung ship 
^“ te freezes from E to SE Clear to overcast and cloudy, with ram 

VtoS \° k ° d ' br f Z6S ! r cSF SSE ' Heavy 8Wells from SSE Cloudy, lain 
Moderate breezes from SSE Rough sea Partly cloudy weather 

ENE F«w n m ? E 5° E ’ folIowed h Y moderate breezes from 
..“j Heavy sea Overcast and rainy weather 

M r.b“i' ! “c‘,"»"’°” ENE ,oE 

Moderate breezes to light airs from ESE Cloudy to clear 
CWr l T °i m E taoaJ “ Clear weather with heavy dew Swung ship 
^ weather. Smooth sea Small swell from east 
Calm to light breezes from SSE Clear to partly cloudy 

Modeurte ^ bre62e |a£ m SSW Rapid rise in water temp Cloudy 

Mode ate to stiff breezes, SSW to NW. Overcast and cloudy, with rain to 
partly cloudy Heavy swell from WNW 
Moderate to light breezes from NW. Cloudy to partly cloudy 

Mod™ wo 1 Ti v hea 7 y sw „ e11 Part! y °l°udy to cloudy 
Moderate to light breezes from S Overcast and cloudy 

C entw? fr ° m , SW *° ° al “ Partly cloudy. Glassy sea at night 
Gentle breezes from N. to NNE. Small swells from W Partly cloudv 
Light airs from NNE to calm Smooth sea Partly cloudy Ship swung 

Lmhl w ll T from ( NNE N Smooth sea Partfy cloudy 
Light to gentle breezes from NW to NNW Smooth sea Partly cloudv 
Gentle breezes from NNW. Smooth sea Cloudy to partly cloudv 

Light variable airs to calm. Clear to partly cloudy 
f»S d ° ff q “ lDe d00k ’ San Dle SO. Moderate breeze to light airs 


Time of passage, 27 3 days 


Average day’s run, 125 6 rmles 
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Summary of Passages for Cruise I of the Galilee. 

Table 42 


Passage 

Length of 
passage 

Time of 
passage 

Average 
day’s run 

San Francisco to San Diego 

miles 

640 

days 

6 1 

miles 

105 

San Diego to Honolulu 

2,331 

14 8 

158 

Honolulu to Fanning Island 

1,207 

12 0 

101 

Fanning Island to Honolulu 

2,963 

23 9 

124 

Honolulu to San Diego 

3,430 

27 3 

126 

Total 

10,571 

84 1 

126 


W J. Peters Abstract of Log, Cruise II, 1906. 1 

San Diego to Fanning Island 


Date 


Noon position 


Day’s 

Remaiks 

Lat 

Long 

E of Or 

run 

1906 
Mar. 2 

o / 

San Diego 

o 


miles 

3 h 30 m p. m , left dock at San Diego 

3 

32 

23 N 

242 

38 

17 

Light airs from S Clear Clouds later interrupted attempt to swing by 
launch 

4 

31 

27 N. 

241 

10 

93 

Moderate breezes from NW by W to 

5 

29 

09 N 

238 

09 

209 

Gentle breezes from NW. by W. to N Partly cloudy to cloudy Swung 
ship under sail, both helms 

6 

27 

54 N 

236 

04 

133 

Calm to light airs from NE Cloudy to partly cloudy 

7 

27 

12 N 

234 

56 

73 

Calm to light airs from E to NNE Cloudy to blue sky and cloudy Swung 
ship 

8 

26 

23 N 

233 

49 

77 

Light breeze from N by W. Clear day. 

9 

25 

58 N 

232 

56 

54 

Calm to light breezes from S Clear to cloudy Swung ship by launch 

10 

25 

54 N 

230 

29 

132 

Stiff breezes from S Cloudy Heavy squalls during night 

11 

27 

42 N 

228 

58 

135 

Stiff breezes from SW Rough sea Occasional squalls Cloudy 

12 

26 

43 N 

227 

11 

112 

Gentle breezes from NW Hough sea Clear to cloudy 

13 

25 

37 N 

226 

17 

82 

Calm Heavy cross swells Clear to cloudy 

14 

25 

08 N 

225 

16 

62 

Light airs to gentle breezes from SE Clear sky Swung ship with both 
helms 

15 

24 

38 N 

223 

45 

88 

Light airs from SE and calm Clear to partly cloudy 

16 

24 

18 N 

222 

57 

48 

Light airs to gentle breezes from SE Partly cloudy 

17 

22 

23 N 

220 

02 

198 

Moderate to stiff breezes from SE, W, and NW Cloudy, with heavy ram 
squalls from W. 

18 

22 

07 N 

218 

12 

103 

Moderate breezes from S by W and calm Cloudy Ram squalls p m 

19 

20 

25 N 

217 

34 

108 

Gentle breezes from W by S to W. Clear to cloudy. Pitching into head 

20 

19 

01 N 

217 

31 

84 

Calm to light airs from WNW. Heavy cross swells. Partly cloudy 
Rolling badly 

21 

18 

06 N 

216 

53 

66 

Light airs to light breezes from NE and E. Partly cloudy Swung ship 
on 7 headings, both helms. 

22 

16 

58 N 

215 

10 

120 

Gentle breezes from SE and calm. Clear to partly cloudy 

23 

16 

25 N 

214 

32 

49 

Light airs from SE and calm. Clear, becoming partly cloudy 

24 

15 

29 N 

213 

18 

91 

Light to moderate breezes from ENE to NE Partly cloudy Swung ship 
on 12 headings, both helms 

25 

14 

13 N 

211 

42 

119 

Light to moderate breezes from NE to E Partly cloudy, becoming clear. 

26 

12 

28 N 

209 

35 

162 

Light to moderate breezes from NE Partly cloudy, becoming clear 

27 

10 

23 N 

207 

45 

165 

Moderate breezes from NE. Partly cloudy, Attempted swing, too rough 

28 

7 

49 N 

205 

56 

188 

Moderate breezes from NE Rough sea Cloudy Rain. 

29 

5 

16 N 

203 

40 

204 

Moderate to stiff breezes from NE Partly cloudy Clearing 

30 

Fanning Island 

i 


200 

5pm, anchored off Fanning Island. 


Total distance, 3,172 miles Time of passage, 28 1 days Average day’s run, 112 9 miles 


L For synopsis* of this ciuise, see pages 1 1-12 
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Fanning Island to Apia, vta Pago Pago, Samoan- Islands 


Bate 

Noon position 

Bay’s 

run 

Remarks 

Lat. 

Long 

E. of Gr 

1906 

o 


o 

f 

miles 


Apr 11 

Fanning Island 



Left 4 h 30 m p. m Light to gentle breezes from NE Partly cloudy 

12 

2 

12 N 

200 

08 

107 

Gentle to mod breezes from NE. to E Partly cloudy to clear Swung ship 

13 

0 

01 s 

199 

23 

141 

Gentle to moderate breezes from SE to E Cloudy to clear 

14 

3 

10 s 

198 

22 

199 

Moderate breezes from ESE Clear to cloudy. 

15 

6 

08 S 

197 

53 

180 

Gentle breezes from ESE Clear to cloudy. 

16 

7 

05 S 

196 

56 

80 

Calm to light breezes from SE. Clear Swung ship. 

17 

8 

18 S 

196 

13 

85 

Light airs to light breezes from SE to ESE Cloudy to clear 

18 

9 

18 S 

195 

55 

63 

Calm to light airs from SE Ram Clear to cloudy 

19 

10 

12 S 

195 

53 

54 

Light to moderate breezes from N¥ Rain Partly cloudy 

20 

12 

20 S 

195 

06 

136 

Moderate breezes from W. to SW Clear 

21 

13 

04 S 

194 

12 

69 

Light bieezes from NW and calm. Rough sea Cloudy to clear 

22 

13 

19 S 

193 

55 

22 

Gentle breezes from NW to N Clear to cloudy 

23 

14 

00 s 

192 

54 

72 

Light airs from NW and calm. Cloudy to clear 

24 

14 

10 s 

192 

59 

11 

Light airs from S by E and calm Clear 

25 

14 

13 S 

191 

41 

76 

Gentle to moderate breezes from SE Clear 

26 

Pago Pago 



139 

10 h 30 m a. m dropped anchor. Gentle breezes from SE. Clear. 

May 1 

Pago Pago 




5 h 15 m p m towed out of harbor at Pago Pago Moderate breezes from SE 

2 

Apia 



68 

9am anchored at Apia Gentle breezes from SE Clear. 


Total distance, 1,502 miles. Time of passage, 15 4 days Average day’s run, 97 5 miles 


Apia, Samoan Islands, to Suva, Fiji Islands. 


1906 

O f 

o 

/ 

miles 


May 10 

Apia 

. , 

. 

. 

Left 9 h 30 m a m Moderate breeze from SE. to S and calm Clear to cloudy. 

11 

13 26 S 

185 

26 

166 

Staff breeze from SE. Clear to doudy, with rain Rough sea. 

12 

15 19 S 

182 

04 

225 

Stiff to fresh breeze from NE to SE and gale from S. Cloudy, squally, ram 

13 

16 07 S. 

180 

59 

79 

Gentle to mod breeze from SE. to SW. Rough sea Cloudy to clear blue sky 

14 

16 33 S 

180 

59 

26 

Gentle to moderate breeze from SE to S. Clear weather. Ship pitching and 
rolling in rough sea 

16 

17 

18 01 S 
Suva 

179 

34 

120 

66 

Crossed 180th mendian at 6 a m. Gentle SE. breeze Light rain, then clear 
12 h 10 m p m. anchored in Suva harbor Light breeze from NE Cloudy 


Total distance, 682 miles Time of passage, 6 1 days Average day’s run, 111.8 miles. 


Suva, Fiji Islands, to Jaluit, Marshall Islands 


1906 
May 26 

o / 

Suva 

o 

r 

miles 

8 a. m left anchorage at Suva under sail. Stiff breeze from E. Cloudy. 

27 

16 

42 S 

176 

06 

157 

Fresh breeze from E. to SE , increasing to a gale. Very rough sea Cloudy, 
with light rams 

28 

14 

47 S 

176 

49 

122 

Stiff breeze from SE. to E Overcast, with light rams 

29 

13 

17 S 

177 

08 

92 

Moderate breeze from E Clear, cloudy at evening. 

30 

10 

48 S 

176 

45 

151 

Gentle breeze from NE , next light airs from N by W and W. Cloudy, rams 

31 

10 

29 8 

177 

05 

27 

Light aura from E Overcast to clear. Calm. 

June 1 

9 

33 S 

178 

07 

83 

Light breezes from ESE. to E. Cloudy. 

2 

8 

56 S 

178 

52 

58 

Light SE breeze, next calm. Overcast, with light rams. Clear in evening. 

3 

8 

38 S 

179 

38 

49 

Light airs to light breezes from W Clear 

4 

8 

OSS 

180 

13 

46 

Light breeze from NW Smooth sea. Clear Swung ship, launch ahead 

5 

7 

17 S 

180 

47 

61 

Calm to gentle breezes from ESE. Overcast, with ram, then clear 

6 

5 

50 S 

181 

04 

89 

Gentle to moderate breeze from E Clear 

7 

4 

30 S 

180 

28 

88 

Moderate breeze from ESE Clear weather, followed by ram Swung ship 

8 

2 

45 S 

179 

46 

113 

Stiff breeze from NE Cloudy, with rain squalls and rough sea 

9 

1 

32 S 

178 

10 

120 

Calm Clear Swung ship on 8 headings, both helms, launch assisting 

10 

1 

09 S 

178 

24 

27 

Light breeze from SE to calm Clear, becoming cloudy p m. 

11 

0 

37 S 

178 

24 

32 

Gentle breezes from SE to ENE Clear Smooth sea 

12 

1 

UN 

177 

56 

112 

Gentle breeze from ENE to NE Smooth sea Clear Swung ship a m 

13 

2 

37 N 

176 

48 

110 

Calm to light airs from NE Partly cloudy, with occasional squalls 

14 

3 

23 N 

176 

04 

64 

Light ESE to SE. breeze and calm. Partly cloudy, passing showers 

15 

3 

57 N 

175 

19 

56 

Light airs from SE to calm Clear, becoming cloudy Ship rolling heavily 

16 

4 

02 N 

175 

14 

7 

Light breeze from S. and calm Clear Rolling moderately 

17 

4 

35 N. 

174 

32 

53 

Light airs from NE Ram squalls, followed by clear weather. 

18 

4 

59 N. 

173 

25 

71 

Calm to moderate breeze from NNE Cloudy, with squalls and rain. 

19 

5 

21 N 

171 

46 

101 

Moderate breeze from SE , followed by calm and light variable airs Heavy 
ram and passing showers 

20 

6 

00 N 

170 

21 

93 

Gentle to moderate breezes from E by N. to NE Cloudy to clear Swung 
ship under sail 6 points, both helms 

21 

| Jaluit. 

* 


42 

10 h 30 111 a m. anchored off Jaluit 


Total distance, 2,024 miles. Time of passage, 26 1 days Average day’s run, 77 5 miles. 





Abstracts op Logs of the Galilee 


145 


Jaluit, Marshall Islands, to Guam 


Date 


Noon position 


Day's 

Remarks 


Lat. 

Long 

E of Gr. 

run 

1906 
June 30 

o / 

Jaluit 

o 

/ 

miles 

7 h 15 m a m , left anchorage at Jaluit Moderate breeze fiom NE Clear 

July 1 

7 

00 N 

166 

10 

218 

Gentle to light breeze from E to S Cloudy, with ram squalls Ship rolling 
heavily. 

2 

7 

15 N 

165 

06 

65 

Light to moderate breeze from NE Clear to partly cloudy Ship rolling 

3 

7 

56 N 

162 

39 

151 

Moderate breeze from ENE Clear Swung ship a m. Ship rolling and 
pitching considerably. 

4 

8 

49 N 

159 

28 

196 

Gentle to moderate breeze from NE. Clear to cloudy. 

5 

9 

52 N 

157 

02 

157 

Calm and gentle breeze from NE Partly cloudy. 

6 

10 

31 N 

155 

09 

118 

Gentle to moderate breeze from NE Cloudy to clear Swung ship a m 

7 

11 

46 N 

152 

15 

186 

Moderate to stiff breeze from NE to E Heavy ram, followed by light ram 
squalls 

8 

12 

55 N 

149 

13 

191 

Moderate breeze from E by S to ESE Clear to cloudy, with light rain 
squalls 

9 

13 

ION 

147 

12 

119 

Gentle breeze from NE to E by S Clear, 

10 

13 

19 N 

145 

10 

119 

Gentle breezes from SE to E Clear. 7 h 30 ra a rn Guam sighted ahead. 

11 

Guam 



30 

3pm made fast to mooring-buoy m harbor of Port Apra, Guam. 


Total distance, 1,550 miles. Time of passage, 113 days. Average day’s run, 137.2 miles. 


Guam to Yokohama. 


1906 

° 

/ 

o 

/ 

miles 


July 24 

Guam 


• 

* 

ll h 20^ a m , left mooring-buoy in harbor of Apra, Guam. Calm to light 
breezes from ENE. Cloudy to clear. 

25 

15 

36 N 

144 

20 

131 

Moderate breezes from E by N to E by S. Long, rolling swells. Clear. 

26 

17 

45 N 

144 

15 

129 

Calm to gentle breezes from E Cloudy. 

27 

18 

45 N 

144 

12 

60 

Calm to gentle breezes from E to NE Partly cloudy to overcast. 

28 

19 

31 N 

144 

18 

46 

Calm to gentle breezes from NE to E. Partly cloudy. 

29 

20 

13 N 

144 

15 

42 

Light to gentle breezes from SE to E by S Clear to cloudy, with wind 
squalls 

30 

21 

29 N. 

144 

43 

80 

Gentle breezes from NV to SW and calm Overcast, with light rams to 
partly cloudy. 

31 

21 

54 N 

144 

49 

26 

Light to moderate breeze from SE to W by S Cloudy, with light rams and 
squalls 

Aug. 1 

24 

28 N 

145 

23 

157 

Moderate to stiff breeze from SW. Hough sea. Partly cloudy to overcast, 
with ram squalls 

2 

27 

42 N 

145 

29 

194 

Moderate to stiff breeze from SW. Overcast, with ram and squalls 

3 

29 

33 N 

144 

44 

118 

Moderate breeze from NW toWNW Partly cloudy to clear. Swung shipp m 

4 

30 

39 N 

144 

36 

66 

Gentle to moderate breeze from SW to W. Light rain squall Hough sea 
Partly cloudy 

5 

29 

58 N. 

144 

12 

46 

Calm to moderate breezes from WNW. to W. by S. Light rains and squalls 
Cloudy to clear 

6 

30 

36 N 

144 

07 

38 

Calm to gentle breezes from N. by E. Clear. 

7 

31 

07 N 

142 

26 

92 

Stiff to light breezes from N to N by W. Clear Swung ship p. m. 

8 

31 

44 N 

141 

21 

67 

Light breezes from SW. to WSW. Clear to overcast. 

9 

31 

58 N 

140 

58 

24 

Gentle breezes from NE and calm. Clear to cloudy 

10 

33 

44 N 

138 

56 

147 

Fresh breeze from NE Rough sea Cloudy 4 h 30”“ a m. Fatsizio Island sighted. 

11 

34 

09 N 

139 

42 

46 

Stiff breeze from NE , followed by light airs from E by 8. Partly cloudy. 

12 

34 

54 N 

139 

42 

45 

Light breezes from NE. to SE. Cloudy to clear. 

13 

Yokohama 

* 

* 

33 

l h 20 m a. m anchored in Yokohama Bay. 


Total distance, 1,587 miles. Time of passage, 19.6 days. Average day's run, 81 0 miles. 


Yokohama to San Diego. 


1906 

o / 

o / 

miles 


Sept. 6 

Yokohama 

* 

. . 

Left Yokohama, 10 h 30 m a. m. Swung ship by tug Light airs Overcast 
and drizzling p. m 

7 

34 47 N 

139 46 

40 

Light variable breezes. Cloudy, followed by overcast and ram. 

8 

35 35 N 

143 15 

178 

Stiff breezes N by Y to NNE Clear. Ship pitching and rolling. 

9 

35 34 N 

144 47 

75 

Light SE breezes Rain in evening. 

10 

35 35 N 

147 50 

149 

Moderate breezes. Clear to partly cloudy Swung ship on 5 headings, port 
and starboard 

11 

36 36 N. 

150 57 

163 

Gentle breezes from N. to NE Cloudy 

12 

35 37 N. 

151 19 

61 

Stiff breezes, diminishing, from NE. Cloudy. 

13 

37 53 N 

150 02 

149 

Stiff ESE to ENE breezes. Overoast. Pitching and plunging 

14 

41 06 N 

149 46 

193 

Fresh breezes from E. Cloudy. Too rough for work 

15 

43 14 N 

149 38 

128 

Gentle E to SE. breezes. Clear to overcast p m. Swung ship on 6 head- 
ings, both helms. 
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Ocean Magnetic Observations, 1905-16 


Yokohama to San- Diego — concluded 




Noon position 


Day’s 

Remarks 

JL/at 


Lat 

Long 

E of Gr 

run 

1906 

0 

t 

0 

r 

miles 


Sept 

16 

44 

26 N. 

152 

05 

128 

Gentle breeze from S , increasing to moderate gale Long swells Clear to 
overcast 


17 

45 

32 N. 

155 

45 

169 

Gale from S , diminishing to gentle breeze SW at noon Overcast, drizzling 
to partly cloudy. Too rough for work 


18 

45 

19 N. 

158 

35 

120 

Moderate to SW breeze Cloudy, drizzling. Ship rolling 


19 

46 

05 N. 

161 

23 

126 

Light breeze SW to WNW. Cloudy with mist p m Continuous rolling 


20 

45 

31 N. 

162 

37 

62 

Gale from NE. Hove to. Overcast, with ram 


21 

44 

54 N. 

164 

58 

106 

Fresh NW breeze. Cloudy. 


22 

44 

57 N. 

167 

44 

118 

Gentle breeze NW . to N. by E. Cloudy Swung ship both helms. Declina- 
tion on one heading. 


23 

44 

19 N. 

170 

52 

139 

Stiff breeze from NE Overcast and cloudy. 


24 

41 

47 N. 

173 

35 

193 

Stiff breeze from ENE Cloudy and drizzling. 


25 

42 

56 N. 

174 

11 

74 

Gentle breeze varying SE to ENE. Cloudy. 


26 

43 

34 N. 

174 

56 

50 

Light airs, various, to calm Clear fine day Swung ship on 6 headings, 
both helms 


27 

44 

07 N. 

176 

19 

69 

Moderate breeze S , freshening p. m Cloudy to overcast, with ram. 


27 

44 

57 JN. 

181 

28 

226 

Stiff breeze, freshening from NW. Clear. Yawing and pitching Crossed 
180th meridian Changed date at 4 h 30™ a m 


28 

45 

39 N. 

187 

08 

243 

Fresh breeze from W. Overcast and drizzling. Tremendous following sea. 


29 

45 

59 N. 

192 

20 

218 

Fresh W . to NW breeze, diminishing Clear a m to overcast p m. 

Oct. 

30 

45 

34 N. 

195 

13 

123 

Moderate breeze N Clear. Swung ship p. m , 6 points, both helms 

1 

45 

17 N. 

198 

55 

157 

Moderate NW breeze Clear Ship yawing considerably. 


2 

45 

57 N. 

200 

16 

69 

Light breeze from E. by N., increasing to NE gale. Overcast, with rain 
Hove to at 8 p m. Gale from NT. by W. moderating. Sea rough. 


3 

45 

27 N. 

201 

19 

53 

Overcast, with dnzzle. Hove to 


4 

44 

10 N. 

203 

58 

137 

Strong northeasterly winds. Hough sea, sexually. Clear a. m. Overcast, 
with drizzle, pm. 


5 

42 

34 N. 

206 

34 

149 

Light northerly breeze, with fog and driving mist Calm p m. 


6 

42 

57 N. 

209 

36 

136 

Stiff southerly breeze Ram and fog all day. 


7 

43 

37 N. 

214 

17 

208 

Stiff breeze from S , shifting SE. Overcast, with rain. 


8 

44 

36 N. 

217 

07 

136 

Gale from S during night. Hove to. Rain-storm from SW. Cleared p. m 


9 

43 

29 N. 

220 

03 

143 

Stiff breeze, SW. shifting to S. by E Clear. 


10 

43 

01 N. 

225 

15 

229 

Stiff southerly breeze, increasing to gale a m Abated somewhat p. m. 
Cloudy and rainy. Hough sea 


11 

41 

04 N. 

228 

36 

190 

Stiff SW . breeze shifting to W. Heavy sea Clear. 


12 

39 

48 N. 

230 

42 

122 

Light breeze from SW . Cloudy. Swung ship on 5 headings, both helms 


13 

38 

59 N. 

232 

01 

78 

Light variable westerly winds. Cloudy, becoming foggy 


14 

37 

11 N. 

234 

55 

174 

Light NW. breeze. Clear. 


15 

35 

26 N. 

237 

34 

166 

Stiff NW breeze. Clear. Ship rolling considerably Swung ship a m , 6 
headings, both helms. 


16 

33 

10 N. 

240 

38 

204 

Moderate NW breeze, diminishing. Moderate sea. Sighted San Nicholas. 
Clear. 


17 

33 

12 N. 

241 

21 

36 

Becalmed off Santa Catalina during night. Light head-wind a m Calm 
p. m. CleaT. 


18 

33 

£ 

o 

t— < 

241 

44 

19 

Calm and various light airs Tacking between Santa Catalina and San 
Clemente. Overcast. 


19 

33 

00 N 

242 

23 

34 

Calm and light airs. NW breeze p m. Partly cloudy. Anchored off bell- 
buoy, unable to sail in 


20 

San Diego 



29 

Under tow of tug boat. Dropped anchor off Santa Fe dock, San Diego, at 
11 a. m. 


Total distance, 5,769 miles Time of passage, 45 days Average day’s run, 128.2 miles 


Summary of Passages for Cruise II of the Galilee. 

Table 43. 


Passage 

Length of 
passage 

Time of 
passage 

Average 
day's run 


miles 

days 

miles 

San Diego to Fanning Island . . 

3,172 

28.1 

113 

Farming Island to Apia . . . . 

1,502 

15 4 

98 

Apia to Suva 

682 

6 1 

112 

Suva to Jaluit 

2,024 

26 1 

78 

Jaluit to Guam. . ... . . ... 

1,550 

11.3 

137 

Guam to Yokohama 

1,587 

19 6 

81 

Yokohama to San Diego 

5,769 

45.0 

128 

Total.... . . 

16,286 

151 6 

107 
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W. J. Peters: Abstract of Log, Cruise III, 1906-1 908. 1 

San Diego to Nukahiva, Marquesas Islands 


Date 


Noon position 


Day’s 

Remarks 


Lat 

Long. 

E. of Gr 

run 

1906 
Dec. 22 

o / 

San Diego 

o 

t 

miles 

Under way with tug at 3 h 15^ p m. Cast off with sails all set at 4 h 30 m p. m. 

23 

32 

04 N 

241 

53 

57 

Gentle NW. breeze. Clear. 

24 

30 

28 N 

240 

44 

113 

Light breeze N. by E to NW. Clear, becoming overcast. Chnstmas-eve 
festivities aboard. 

25 

29 

23 N 

240 

14 

70 

Calm to gentle breeze, variable SE. to SSW. Overcast Guadalupe Island 
bearing E. at 8 a. m. 

26 

28 

38 N 

240 

31 

47 

Gentle breeze variable SSE to SW. by S Overcast and damp 

27 

28 

17 N 

240 

02 

33 

Variable winds Squally, with continuous ram Swell from W 

28 

27 

31 N 

238 

59 

72 

Heavy squalls, cleared in a m with gentle NW. winds Swung ship p m. 

29 

25 

29 N 

238 

31 

125 

Gentle NW. breeze, becoming NNE Clear Ship rolled heavily, wind 
being dead aft 

30 

23 

11 N 

237 

34 

147 

Gentle NE winds. Cloudy, becoming clear. 

31 

1907 

21 

17 N. 

236 

55 

120 

Light NW breeze increasing to NNE Cloudy, becoming clear. Swung 
ship on 7 headings, both helms. 

Jan 1 

18 

39 N. 

236 

12 

163 

Stiff NE breeze. Clouds, squalls. Ship rolling and yawing in following 

2 

14 

47 N. 

235 

02 

241 

NE. winds becoming boisterous Partly cloudy. Heavy seas keep decks 
wet Yawing widely. 

3 

10 

41 N 

233 

37 

260 

Fresh NE winds. Partly cloudy. Unfavorable conditions continue. 
Westerly drift noticeable 

4 

9 

OO N. 

232 

41 

115 

Calm, and variable light airs. Rain, squalls, clouds. Heavy sea running 

5 

8 

51 N. 

233 

22 

41 

Calm, with light variable airs. Overcast, with ram Squally. Heavy sea 
and ship rolling 

6 

8 

34 N. 

235 

21 

119 

Calm, no steerage-way Partly cloudy. Large dnft to eastward. 

7 

7 

27 N. 

235 

16 

67 

Very light northerly winds Partly oloudy, with passing showers. 

8 

6 

17 N 

234 

41 

78 

Calm to moderate SE breeze Partly cloudy Swung ship. Sea fairly 
smooth 

9 

4 

52 N 

232 

56 

135 

Gentle SSE breeze. Partly cloudy, becoming squally 

10 

4 

12 N 

231 

53 

74 

Light breeze from ESE. Partly cloudy to clear. Moderate roll Heavy 
set to NW. 

11 

3 

23 N. 

230 39 

88 

Light breeze from ESE Cloudy and partly cloudy Attempted swing, but 
wind failed Heavy roll 

12 

2 

08 N. 

229 

45 

92 

Gentle breeze ESE. Partly cloudy Swung ship. Sea fairly smooth, 
moderate swell 

13 

1 

31 N 

228 

59 

59 

Gentle breeze from ESE to SE Clear. 

14 

0 

25 S. 

228 

04 

165 

Fresh breeze from E by S Clear. Ship pitching Crossed equator at 9 

15 

3 

31 S. 

227 

02 

196 

Moderate breeze E by S. to E. by N Partly cloudy Swung ship Sea 
moderate Crossed magnetic equator. 

16 

6 

14 S. 

224 

52 

208 

Fresh breeze, ESE to ENE Partly cloudy. Heavy sea, ship rolling and 
yawing 

17 

18 

7 59 S. 

Nukahiva 

222 

06 

195 

140 

Fresh breeze, ENE to NE. Partly cloudy. Ship yawmg and rolling 
heavily. 

Anchored inside harbor, Nukahiva, Marquesas Islands, at 8 h 45 m a. m 


Total distance, 3,220 miles Time of passage, 26 7 days Average day's run, 120 6 mil es 


Nukahiva, Marquesas Islands, to Tahiti, Society Islands 


1907 
Jan 24 

O f 

Nukahiva 

o / 

rmlea 

9 h 30 m a. m., left anchorage. Light variable airs Partly cloudy. 

25 

9 25 S. 

219 04 

60 

Light variable airs and calm. Partly cloudy. 

26 

10 16 S. 

217 47 

91 

Light airs from NE. Light ram at 12 h 30 m p. m Partly cloudy. 

27 

11 31 S. 

216 06 

124 

Gentle breeze from ENE Partly cloudy. 

28 

12 59 S. 

214 00 

151 

Gentle breeze from ENE. Partly cloudy. Overcast, with rain, p. m. 

29 

14 16 S. 

212 33 

114 

Light airs from NE Partly cloudy a. m Overcast, with ram, p. m. 

30 

15 15 S. 

211 24 

89 

Gentle breezes from E to ESE. Partly cloudy. Smooth sea, best conditions 

31 

Tahiti . 


143 

3 h 45 m p m anchored m Papeete Harbor. Light ESE. breezes. Partly cloudy 


Total distance, 772 miles Tune of passage, 7.3 days Average day’s run, 105 8 miles 


x Foi synopsis of this cruise, see pages 12-14 
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Ocean Magnetic Observations, 1905-16 

Tahiti, Society Islands, to Apia, Samoan Islands. 


Date 

Noon position 

Day’s 


Lat. 

Long 

E of Gr 

run 

1907 

0 

f 

© 

/ 

miles 

Feb 19 

Tahiti . 




20 

17 

06 S 

206 

54 

208 

21 

16 

58 S 

203 

20 

205 

22 

17 

03 S 

201 

19 

116 

23 

17 

30 S 

199 

29 

108 

24 

18 

01 S 

199 

03 

40 

25 

17 

38 S 

197 

54 

69 

26 

16 

40 S 

195 

49 

133 

27 

16 

18 S 

194 

09 

98 

28 

15 

50 S 

193 

34 

44 

Mar 1 

15 

21 S 

191 

51 

103 

2 

14 

35 S 

189 

58 

118 

3 

Apia . 



no 



10 11 30“ a m left Papeete Harbor Gentle N. by E breeze Partly cloudy. 
Moderate northerly breeze Rough sea. Heavy W. swell. Partly cloudy. 
Gentle breeze from N Overcast, with heavy squalls and passing showers 
Ship tossing heavy 

Moderate N breeze., next calm Bad weather, squalls and heavy seas. 
Calm, variable breezes Light rams Partly cloudy 
Calm Partly cloudy TJnable to hold heading. 

Light SE breeze, shifting to ESE , partly cloudy, sea smooth Mod swell 
Light breeze from E by S to E Partly cloudy Swung ship Sea smooth. 
Gentle breeze from E and light airs from WNW Sea moderate Unable to 
hold steady heading 

Light variable airs Ram. Partly cloudy Ship holding no definite heading 
Gentle ESE breeze Partly cloudy to overcast Rolling and yawing badly 
Light easterly breeze Considerable magnetic change while passing Tutuila 
l h 30“ p m , anchored in Apia Harbor Overcast, with light rams 


Total distance, 1,352 miles. Time of passage, 12 1 days Average day’s run, 111.7 miles 


Apia, Samoan Islands, to Yap, Caroline Islands. 


1907 
Mar 14 


Apia 
10 45 S 


26 

1 

03 

N. 

27 

2 

25 

N. 

28 

2 

40 

N. 

29 

2 

52 

N 

30 

3 

05 

N 

31 

3 

19 

N 

1 

3 

48 

N 

2 

4 

29 

N. 

3 

5 

16 

N. 

4 

5 

54 

N 

5 

6 

18 

N 

6 

6 

37 

N, 

7 

6 

36 

N 

8 

6 

50 

N 

9 

7 

02 

N 

10 

7 

37 

N 

11 

7 

55 

N 

12 

8 

34 

N 

13 

9 

08 

N. 

14 

Tap 



187 07 
185 14 
183 00 
181 02 
179 04 
176 36 
173 22 
170 32 
167 29 
165 40 
163 52 
161 47 
161 22 
160 29 
159 36 
157 53 

155 32 
153 15 
150 52 
149 43 
149 39 
149 51 
149 10 
147 18 
145 56 
144 05 
142 30 
140 46 
138 55 


Left 8 10 m a m. Gentle E breeze, shifting to ESE. Cloudy, passing showers 
Gentle breeze from SE to ESE Rough sea Overcast, squalls, light rains. 

! Light breezes from ESE. toENE. Partly cloudy. Considerable southerly set 
Light variable wind. Overcast, with light rams. 

Calm. Heavy squalls Overcast, with heavy ram, to partly cloudy 
Moderate NNE breeze Ship swung Crossed 180th mer. Partly cloudy. 
Moderate breeze from NNE. Rough sea Partly cloudy. Ship swung 
Moderate NE breeze Partly cloudy to overcast, heavy rams and squalls 
Gentle breeze from NE. Partly cloudy Ship rolling and pitching 
Moderate breeze from ENE Partly cloudy, heavy squalls, mm, thunder. 
Variable winds, squalls, rough sea, overcast, heavy rain Crossed equator 
Gentle breeze from ESE Partly cloudy. Considerable sea. 

Light ENE breeze Overcast, with light rams to partly cloudy Ship swung 
Variable breezes Partly cloudy, with heavy squalls. 

Mod NW. breeze shifting to NNW . Overcast, heavy squalls, rain 
Light breeze from NNE Partly cloudy. 

Light breeze from NNE shifting to NE. and increasing Overcast, with 
ram and squalls, to partly cloudy. Ship swung on 6 headings 
Gentle breeze from NE Partly cloudy. 

Light breeze from NE. Partly cloudy Weather fine 

Mod breeze from N by E. shifting to NNE Partly cloudy. Ship swung 

Light airs from NNE to calm Partly cloudy. 

Calm and partly cloudy. 

Cairn and partly cloudy Ship swung on all but E heading of port helm 
Vanablewinds Partly cloudy. A M passedSukl. 5 natives came out m canoe 
Gentle breeze from ESE. Partly cloudy. 

Light easterly breezes Partly cloudy 

Gentle breeze from NE. Clear. Ship swung on 7 headings, both helms 

Light airs from NE. Clear 

Gentle breeze from NE Partly cloudy. 

Gentle breeze from ENE. Partly cloudy Sighted Yap about 4 h 30 m p. m 
10 a m. anchored m Tomil Bay, Yap 


Total distance, 3,454 miles. Time of passage, 30 1 days Average day’s run, 114.8 miles 
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Noon po _ on 


Day’s 

run 


Date 

Lat. 

Long 

E. of Gr. 

Remarks 

1907 

o / 

0 

/ 

miles 


Apr. 23 

Yap .. . 

• * 

•• 

• •• 

7 h 30“ a m. slipped from buoy in Tomil Bay, Yap Gentle breeze from ENE. 
Rain squalls and thunder at noon. 

24 

12 13 N. 

137 

07 

173 

Gentle breeze from ENE Clear. Ship swung on 6 headings, both helms 

25 

14 15 N. 

136 

04 

137 

Gentle breeze from ENE. Clear. 

26 

16 20 N. 

135 

36 

12S 

Light breezes from ENE to E Mostly clear 

27 

17 52 N. 

135 

25 

93 

Gentle breezes from E. by N. to ESE Mostly clear. Ship swung. 

28 

19 18 N. 

135 

21 

86 

Light breeze from ESE Partly cloudy. 

29 

20 35 N. 

135 

06 

78 

Light breeze from SE. Partly cloudy. 

30 

22 15 N. 

134 

33 

105 

Gentle southerly breeze Cloudy 

May 1 

24 16 N. 

133 

49 

128 

Gentle SSW breezes Clear to overcast, rain squalls, lightning. Ship swung. 

2 

25 34 N. 

133 

15 

84 

Fresh breeze from NN¥ Heavy sea Overcast to partly cloudy. 

3 

27 18 N. 

130 

42 

172 

Moderate breezes from E to ENE. Rough sea. Partly cloudy. 

4 

29 12 N. 

128 

34 

160 

Mod. breeze from SSE Barometer fell steadily. Overcast, ram squalls. 

5 

30 28 N. 

i 124 

35 

221 

Fresh southerly breeze. Foggy and overcast, with rain squalls 

6 

30 44 N. 

123 

38 

52 

Light breeze from N. Overcast, with light rains. 

7 

30 56 N. 

123 

00 

35 

Light airs from NW and calm. Clear. Many steamers seen to-day. 

8 

Shanghai. . 



82 

9 h 30“ a. m. anchored at quarantine anchorage, Woosung River. Was towed 
up river to Woosung on morning of May 13. 


Total distance, 1,734 miles. Time of passage, 15 1 days Average day’s run, 114 9 miles 


Shanghai to Sitka. 


1907 
June 4 

o t 

Shanghai 

o 

/ 

miles 

May 31 moved to mouth of Yangtse for swings. June 4, 8 h 20“ a m , left 
anchorage Light breeze from NE Partly cloudy. 

5 

30 

29 N 

123 

15 

105 

Light breeze from NE. Overcast, with steady ram 

6 

30 

ION 

125 

13 

103 

Moderate northeasterly breezes. Overcast, with light rain. 

7 

29 

56 N 

126 

12 

53 

Calm to light southerly breezes. Cloudy 

8 

29 

44 N. 

127 

10 

52 

Calm to gentle easterly breezes. Clear 

9 

29 

20 N. 

127 

53 

45 

Stiff southeasterly breeze. Rough sea. Cloudy 

10 

30 

07 N. 

129 

34 

100 

Stiff southeasterly breeze. Overcast. 

11 

29 

21 N 

129 

49 

48 

Gentle breeze from SE. Partly cloudy. 

12 

30 

05 N 

132 

53 

166 

Gentle breeze from S Cloudy Swung ship p m on 6 headings, both helms. 

13 

30 

23 N. 

136 

34 

192 

Heavy blow all night, during day from S by W Partly cloudy Sea rough 

14 

30 

12 N 

141 

17 

245 

Heavy weather all night and day Stiff S by W wind Cloudy, Sun at noon. 

15 

30 

20 N 

144 

21 

159 

Light airs from W Cloudy, misty. Heavy sea, ship tossed and rolled 

16 

30 

46 N 

146 

03 

92 

Light airs from W, barely steerageway Clear. Heavy swell, much roll. 

17 

30 

25 N 

146 

52 

47 

Moderate easterly breezes Partly cloudy. Head wind. 

18 

32 

29 N 

146 

53 

124 

Stiff breeze from E Storm indicated Wind increasing from S. Ram. 

19 

34 

13 N. 

147 

16 

106 

Barometer fell rapidly Wind increased to strong gale from SSE to SSW. 
Overcast, with heavy ram. 

20 

34 

34 N 

150 

58 

184 

Weather not improved Fresh wind S byW. Overcast, ram at intervals 

21 

35 

06 N. 

155 

15 

213 

Wind dying out nearly aft in SSW Sun sights obtained. Thickened p. m., 
with drizzling ram 

22 

35 

10 N. 

159 

14 

196 

Light airs from W. Sea moderate Clear Bolling excessively 

23 

35 

13 N 

161 

26 

108 

Light northwesterly breezes Partly cloudy. Sea nearly smooth. 

24 

35 

07 N. 

161 

53 

23 

Gentle easterly breezes Cloudy, with light rams 

25 

36 

46 N. 

163 

34 

128 

Gentle breeze from SE , shifting to E. Cloudy Ship swung on 6 headings. 

26 

38 

00 N 

165 

19 

111 

Moderate southeasterly breezes. Cloudy, with ram 

27 

39 

00 N 

169 

41 

214 

Stiff southeasterly breezes Overcast and misty. 

28 

38 

35 N 

174 

36 

231 

Moderate to strong gale from S , shifting to SSE. Overcast, rain, squalls. 

29 

38 

22 N 

175 

31 

45 

Calm Cloudy. No steerageway 

30 

38 

10N 

176 

23 

42 

Fall of barometer accompanied by stiff southerly breezes Cloudy, ram. 

July 1 

37 

15 N. 

178 

36 

119 

Moderate southerly breezes. Fog and drizzle. 

2 

37 

02 N 

179 

41 

53 

Gentle southerly breezes Fog and light rains. Crossed 180th meridian. 

2 

37 

04 N 

181 

25 

83 

Moderate southeasterly breezes Fog and mist 

3 

39 

04 N 

184 

47 

199 

Gentle southeasterly breezes. Partly cloudy. Damp, drifting fog. 

4 

41 

18 N 

189 

07 

240 

Moderate breeze from SSE. Cloudy, with ram Less fog than yesterday. 

5 

43 

40 N. 

193 

56 

256 

Moderate SSW breeze, shifting to WS W. and diminishing Overcast, fog, rain 

6 

44 

20 N 

195 

14 

69 

Calm Overcast and foggy. No steerageway. 

7 

44 

17 N 

195 

31 

12 

Dead calm until evening, then airs from SE Cloudy, -with light rams 

8 

45 

20 N 

19S 

02 

124 

Gentle breeze from SSE Overcast and foggy. 

9 

47 

28 N 

202 

52 

237 

Gentle breeze from SW , shifting to SSW. Overcast and hazy. 

10 

49 

15 N. 

206 

31 

180 

Gentle breeze from SSW Overcast and foggy 

11 

51 

27 N. 

211 

34 

233 

Moderate breeze from SSW. Fog and heavy rams 

12 

53 

17 N 

216 

07 

199 

Stiff westerly breeze Overcast and hazy, clearing p. m. 

13 

55 

45 N. 

222 

06 

256 

Stiff NW. by W breeze. Cloudy. Sun altitude at noon. Land sighted 9 p m. 

14 

Sitka .... 



115 

Beating into Sitka Harbor. Winds light, variable Dropped anchor at noon 


Total distance, 5,507 miles. Time of passage, 41 2 days. Average day’s run, 133 7 miles. 
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Ocean Magnetic Observations, 1905-16 



Date 

Noon position 

Lat. 

Long 

E ofGr. 

1907 

* 

t 

0 

/ 

Aug. 10 

i Sitka .... 


4 

11 

55 

31 N. 

221 

41 

12 

55 

42 N 

221 

07 

13 

54 

10 N. 

220 

16 

14 

52 

50 N 

221 

15 

15 

49 

14 N 

222 

03 

16 

45 

56 N 

222 

52 

17 

43 

38 N. 

222 

47 

18 

41 

41 N. 

222 

48 

19 

39 

50 N 

222 

38 

20 

37 

25 N. 

222 

27 

21 

35 

23 N. 

220 

00 

22 

33 

25 N 

217 

28 

23 

31 

57 N 

215 

34 

24 

30 

56 N 

214 

10 

25 

28 

SON 

211 

43 

26 

26 

10N 

208 

42 

27 

22 

55 N 

204 

28 

28 

Honolulu . 

- * 

• 



5 a. m , left anchorage at Sitka Partly cloudy. 

Calm. Foggy, with ram, to partly cloudy. 

Calm. Partly cloudy 

Light westerly breeze. Partly cloudy Ship swung on 7 headings, starboard 
Moderate breeze from SW. Overcast and hazy. Hough sea. 

Moderate breeze from SW. Overcast and hazy 

Moderate westerly breezes. Overcast and misty. Ship swung on 6 headings 
Light breeze from N. Partly cloudy 
Light northerly breezes Partly cloudy. 

Light breeze from NE Ship swung p. m. 

Gentle breeze from NE. Cloudy 
Light breeze from NE Partly cloudy 
Light breeze from NNE Partly cloudy 
Light variable airs Clear to cloudy 

Moderate breeze from ENE Partly cloudy. Ship swung a m. 

Gentle easterly breezes. Cloudy to clear. 

Stiff breeze from ENE Partly cloudy to overcast, with passing showers. 

Stiff breeze from E. Rough sea Clear 

l h 30 m p m , anchored outside harbor of Honolulu 


Total distance, 2,708 miles Time of passage, 18 3 days Average day’s run, 148 0 mil es 


Honolulu to Jaltjit, Marshall Islands. 


1Q ' „ - i » “• came. All sails set at 3 p m , light NE. breeze Partly clear. 

iQft tl ml Bight E. breeze. Partly cloudy. Swung ship p. m near Kaula I. Sea rough. 

43 N 196 59 164 Gentle breeze, NE and ENE Partly cloudy, with passing showers at 

evening. Moderate sea. 

25 N 193 55 175 Gentle breeze, ENE. Partly cloudy. 

06 N 191 28 141 Light breeze from E. "Weather squ all y 

41 N 186 58 89 Calm and squally weather Sea smooth 

50 N 189 24 32 Calm a. m Good breeze from N. about noon Squally. Sea rough and 

ship pitching heavily. 

21 N 185 50 213 Moderate breeze N by W. to NE. Partly cloudy. Sea rough. Ship 

Tolling and yawing. 

54 N 183 17 165 Gentle breeze, ENE. Partly cloudy. Sighted Midway about 5 p m. t 

too late to make anchorage Tacked until morning 

ray Islands 39 Cast anchor m Seward Roads, Midway at 10 a m Surf too heavy to make 

landing from launch Cable company’ s party took lunch aboard Heaved 

8»N 181 31 11. lS‘«“fSriNE'“S d «£' J “ 1,il L ““ NEb ™'” l~*- 

47 N. 179 43 198 Gentle NE breeze. Partly cloudy Crossed 180th meridian about 9 am. 

io VT 1( ,o no „„„ ^ Swung ship p m. Sea moderate. 

18 N. 178 08 173 Stiff NE. by E to E. breeze Partly cloudy. Sea rough. Bolling and 

pitching 

41 N 174 16 228 Stiff E breeze Partly cloudy. Sea rough Rolling, pitching, yawing 

Tv nt 16 228 Moderate E wind Cloudy. Sea rough 

39 N 17? 97 t E -* breeze f; Cloudy ’ with passmg showers. Swung ship m morning 

30 N 171 27 177 Light airs, mostly easterly. Showery. 

54 N 170 46 54 Calm. Cloudy. 

9 ?? Calm. Cloudy, showery. Generally overcast. 

20 N 170 tt 12 r a m * Squally ther * v Sl ^ hted smaH islands bearing NE at 8 a. m. 

20 N 170 26 38 Calm, rainy, squally weather. 

47 N 170 10 37 Calm. Cloudy. 

55 N III ™ «n Calm and hght airs Sighted land at6pm Tacked ship until mornmg 

55 N. 169 39 60 Tacked aU day to make entrance to Jaluit Harbor. Light breeze dead ahead. ! 

Beating m, waiting for tide Dropped anchor at ll h 30“ a m. at Jaluit. 

Total distance, 2,728 miles. Time of passage, 23 8 days. Average day’s run, 114 6 miles. 


1907 

o 

/ 

0 

r 

miles 

Sept 26 

Honolulu 




27 

21 

44 N 

199 

43 

137 

28 

22 

43 N 

196 

59 

164 

29 

23 

25 N 

193 

55 

175 

30 

24 

06 N 

191 

28 

141 

Oct. I 

24 

41 N 

189 

58 

89 

2 

24 

50 N 

189 

24 

32 

3 

26 

21 N 

185 

50 

213 

4 

27 

54 N 

183 

17 

165 

5 

1 

Midway Islands 

1 


39 

6 

26 

39 N 

181 

31 

111 

7-8 

23 

47 N. 

179 

43 

198 

9 

21 

18 N. 

178 

08 

173 

10 

17 

56 N. 

176 

18 

227 

11 

14 

41 N 

174 

16 

228 

12 

12 

17 N 

172 

26 

179 

13 

9 

30 N 

171 

27 

177 

14 

8 

54 N 

170 

46 

54 

15 

8 

18 N 

170 

28 

31 

16 

7 

53 N 

170 

44 

30 

17 

7 

20 N 

170 

26 

38 

18 

6 

47 N 

170 

10 

37 

19 

6 

25 N. 

170 

31 

| 30 

20 

5 

55 N. 

169 

39 

60 

21 

Jaluit.. .. 

... . 
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Jaluit, Marshall Islands, to Port Lyttelton, New Zealand 


Date 


Noon position 


Day’s 

Remarks 

Lat. 

Long 

E. of Gr. 

run 

1907 
Nov. 11 

0 t 

Jaluit 

0 

/ 

imles 

At lp ra steamer Titus secured to tow ship out of lagoon, where she had 
lain at anchor since Nov. 5, waiting for a favorable wind 

12 

3 

47 N 

170 

00 

130 

Calm and light easterly airs Cloudy, with squalls m evening. 

13 

2 

13 N 

169 

00 

111 

Calm and light airs from ESE Partly cloudy 

14 

0 

26 N. 

168 

34 

110 

Light easterly breezes Generally clear. Swung ship. Crossed equator 
about 5 p. m. 

15 

2 

06 S. 

169 

00 

154 

Calm and gentle easterly breezes. Clear. 

16 

5 

oo s. 

169 

31 

177 

Breezes from ENE. to E Partly cloudy- 

17 

6 

41 S. 

169 

19 

102 

Light breezes, SE. Generally clear. 

18 

7 

36 S. 

169 

05 

56 

After a swing for declination m morning the wind failed. Clear. 

19 

7 

31 S. 

169 

16 

11 

Calm. Clouds, clearing later. 

20 

7 

40 S. 

170 

13 

57 

Calm. Partly cloudy. 

21 

7 

57 S. 

170 

06 

18 

Calm Few clouds. Sea smooth. 

22 

9 

33 S. 

169 

24 

105 

Light breeze from E. Slightly cloudy. Swung ship both helms. 

23 

11 

21 S. 

168 

49 

113 

Gentle ESE breeze. Partly cloudy. 

24 

13 

12 S 

167 

48 

126 

Moderate ESE breeze, diminishing. Partly cloudy 

25 

13 

21 S. 

168 

09 

22 

Calm Cloudy, squalls and ram p m. 

26 

13 

47 S. 

168 

24 

30 

Light breeze from ESE. Squally. 

27 

14 

55 S. 

168 

13 

69 

Calm and squalls 

28 

15 

25 S. 

168 

26 

32 

Calm and light airs from ESE. Cloudy 

29 

16 

02 8. 

168 

38 

39 

Gentle breeze ESE. Tacking ship and beating up against wind to clear 
New Hebrides Islands. 

30 

16 

44 S. 

168 

57 

46 

Moderate E. breeze Squally. Sailing close to wind to clear New Hebrides 
Islands. 

Dec 1 

18 

12 8. 

168 

57 

88 

Moderate wind E. by S Generally cloudy. 

2 

20 

53 S. 

169 

22 

163 

Light breezes generally SE. Heavy squall p m. Overcast and ram. 

3 

21 

14 8. 

169 

58 

40 

Calm Partly cloudy. 

4 

21 

21 S. 

171 

13 

70 

Light airs and calm. Cloudy a m., clearing. Sea smooth. 

5 

21 

38 S. 

170 

51 

39 

Calm. Clear. 

6 

22 

05 S. 

170 

44 

28 

Calm. Clear 

7 

22 

40 S. 

170 

36 

36 

Calm Partly cloudy. 

8 

23 

25 S. 

170 

29 

45 

Light airs from E and ESE. Sea smooth. Crossed tropic of Caprioom this 

9 

25 

12 S. 

169 

52 

112 

p m. 

Light breeze from ESE. to E Mostly clear Swung ship p. m. 

10 

27 

43 S. 

170 

15 

152 

Light airs, E by N to NE. Partly cloudy 

11 

29 

30 S 

170 

24 

107 

Light airs NE. to NNW. Partly cloudy 

12 

30 

21 S. 

170 

40 

53 

Light breeze from S. to SSE Cloudy, partly clearing p. m. 

13 

30 

50 S 

172 

00 

75 

Light breeze from SSE. to S by W. Clear Sea smooth. 

14 

31 

23 S 

171 

16 

50 

Calm Clear 

15 

32 

35 S. 

170 

56 

74 

Light airs from E. by S. to SE. Clear. 

16 

34 

21 S. 

170 

28 

108 

Light breeze, E by S. Clear. 

17 

36 

09 S 

170 

07 

109 

Light breeze from SE. Cloudy. 

18 

37 

30 S 

170 

09 

81 

Light airs from NE. Cloudy, overcast p m. 

19 

39 

00 S 

172 

38 

148 

Moderate breeze from NNE to NW Overcast and threatening, with 
falling barometer. 

20 

40 

35 S. 

173 

38 

105 

Strong SE breeze, shifting from ESE to SSE. Tacking, trying to beat 
through Cook Strait against head-wmd. 

21 

40 

45 S 

174 

38 

47 

Beating through Cook Strait against head-wind 

22 

41 

16 S 

174 

35 

31 

Beating through Cook Strait against wind and tide. 

23 

42 

40 S 

174 

06 

87 

Gentle N. breeze Cloudy Sailing along coast of South Island, New 
Zealand. 

24 

Port Lyttelton 
! 

. . . 

80 

Moored alongside breakwater m Port Lyttelton Harbor at 4 p m 


Total distance, 3,436 miles. Time of passage, 43.1 days. Average day’s run, 79.7 miles. 
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Ocean Magnetic Observations, 1905-16 


Post Lyttelton to Callao. 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat. 

Long 

E of Gr 

1908 
Jan. 17 

18 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Feb 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

Mar. 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

o / 

Lyttelton 

43 20 S 
43 01 S 
42 45 S. 
42 46 S 

42 08 S 

41 42 S 

41 36 S 

42 12 S 

42 04 S 

42 02 S 

42 51 S 

43 13 S 

42 36 S 

42 20 S 

42 07 S 

42 08 S. 

42 29 S. 

43 17 S. 

45 07 S. 

44 43 S 

44 09 S 

43 22 S 

43 12 S. 

42 12 S. 

41 11 S. 

41 09 S. 

38 48 S 

36 58 S 

36 26 S 

37 09 S. 
37 39 S. 
36 55 S. 

36 46 S. 
35 14 S. 
34 06 S 

33 38 S. 

33 06 S 

32 38 S. 

31 03 S. 

28 39 S 

26 51 S 

25 56 S 

24 29 S 

22 26 S 

20 37 S 

19 14 S. 

18 51 S 

18 36 S 

18 05 S. 

17 22 S 

16 16 S. 

15 13 S. 

13 48 S 
Callao 

o t 

177 37 
180 13 
182 03 
186 48 

192 32 
196 23 
200 57 
205 39 
208 21 
209 26 
211 22 
213 18 
217 46 

222 28 
224 31 

224 47 

225 37 

226 48 

227 58 
229 32 
232 16 
237 03 

241 48 

246 11 

248 42 

252 13 

253 46 

255 30 

256 18 

257 54 
259 19 
259 05 

259 10 
261 08 

262 40 

263 49 

264 53 

265 21 

266 39 

267 59 

268 00 
268 19 

268 42 

269 54 

271 11 

272 15 

272 66 

273 52 
275 26 

277 02 

278 35 
280 03 
282 12 

vnles 

209 

116 

82 

209 

257 

174 

205 

213 

120 

48 

99 

88 

200 

209 

92 

12 

43 

71 

121 

71 

122 

212 

208 

202 

128 

160 

158 

137 

50 

88 

74 

45 

10 

133 

102 

64 

62 

37 

116 

160 

108 

58 

89 

140 

130 

102 

45 

55 

94 

101 

111 

105 

151 

105 

9 h 30 m a m left Port Lyttelton under tow, from breakwater and halfway down 

channel. Sailed out with good SW. breeze 

Moderate S wind. Squally Sea rough. Showers. Ship yawing 
r l cloudy. Crossed 180th meridian about lam 

Light SW breeze, increasing Partly cloudy. 

Stiff wind from NNW. Squally. Tackle on mam boom gave away, with 
damage to boom. Starboard log carried away. 

Fresh S. breeze Partly cloudy Rough sea. 

MW , breeze ° vercast Shlp rollln 2 and yawing badly 

Moderate NW. breeze. Overcast and drizzling. Sea rough. 

Gentle NW breeze. Mostly clear 

Calm Partly cloudy 

Calm Overcast and foggy. 

Light N by E breeze Overcast and foggy. Swung ship both helms 

Light variable airs, to gentle SSE breeze Overcast 

Moderate gale, abating, from SSE Overcast and threatening Sea 
rough; p m partly cloudy 

Moderate S to SSW breeze Overcast 

Calm. Overcast. Attempt to swing by launch abandoned on account of 
heavy swell. 

Calm Overcast. 

Calm Overcast, breaking at sunset 

Cato a m. Moderate NE breeze later. Overcast and hazy 

Light breeze from E Overcast and hazy 

Gentle breeze SE to S by W Partly cloudy. Swung ship 

Light breeze, increasing SW. to N by W Partly cloudy 

Stiff to fresh northerly wind Sea rough Overcast Barometer falling and 
wind rising. 

Barometer continued to fall steadily Heavy gale at 3 a. m from NNW 
q f 1 / ower . topsail carried away Gale continued to midnight 

Scudding before wind at 10 knots under bare poles. 

G: outlay d SOmewhat at 4 a m Partly cloudy Mountainous seas through- 

Overcast Long swells. Ship rolling and yawing 

Storm from NNW All sails made fast, except storm staysail Abated about 
iU a m. Overcast Choppy sea 

Gentle SW. breeze Overcast and squally 

Light breeze SE to ENE Overcast, breaking p. m 

Gentle northerly breezes to calm Overcast, breaking at nightfall 

Light northeasterly breezes Mostly overcast. 

Calm. Partly cloudy 

Ll ? btE q° NE t*® 62 ® 3 Partly cloudy. Swung ship at sunrise for declina- 
tion Swung later for intensity. 

Calm Cloudy 

Light airs WNW Partly cloudy 

Light airs WNW Partly cloudy 

Light airs northwesterly Partly cloudy 

Calm Partly cloudy. 

Light airs S and SE. Partly cloudy 

Light breezes SE to NNE Partly cloudy 

T^t b m\ E by Squally ' Kweh sea Ship yawing badly 

Light NE breeze Overcast and squally. 

Gentle easterly breezes. Overcast and squally. 

Shifting winds WNW to E Could not hold heading long enough for 
observations Mostly overcast B 

G observations E Overcast, breaking towards evening, permitting 

Gentle breezes from E by S Overcast, with squalls a. m. 

Calm Overcast and squally. 

Calm Cloudy 

Light airs from SE by E Cloudy 

Light airs, mostly SE Partly cloudy. Sea smooth. 

Ll tolr 1 ? 3 {r °? ES + E 1 - cloudy Swung shlp at sunnse for decimation, 

later for intensity, both helms. 

Light airs from ESE Overcast. 

Light airs generally ESE Partly cloudy. 

Moderate breeze ESE. and E by S. Partly cloudy 

“o 1 Harbor^3^ e m. ln ^ *** ^ Dr ° PPed an ° hor “ 

Total distance. 6,301 miles Time of passage, 54 3 days Average day’s run, 116.0 miles 
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Noon position 

Day’s 

Remarks 

D&t6 


Lat. 

Long. 

E of Gr 

run 

1908 
Apr. 5 

o / 

Callao . 

o 

/ 

miles 

Set sail 5pm, Callao for San Francisco. Light airs from S. 

6 

11 

39 S 

282 

17 

40 

Light to gentle breeze from SE Overcast, partly clearing 

7 

11 

18 S 

280 

20 

117 

Gentle breeze SE Partly cloudy. 

8 

10 

22 S 

277 

50 

158 

Light SE breeze Clear, clouding p. m. 

9 

9 

39 S. 

275 

15 

159 

Moderate SE. breeze. Overcast, breaking away. Swung ship p. m. both 
helms 

Gentle SE breeze. Clouds. Sea moderate 

10 

8 

57 S 

272 

34 

164 

11 

8 

12 S 

269 

52 

166 

Moderate breeze from SE Overcast Sea moderate. 

12 

7 

36 S 

267 

24 

151 

Moderate SE breeze Overcast Sea moderate 

13 

6 

39 S. 

264 

02 

205 

Moderate, ESE breeze. Overcast. Sea moderate. Swung ship both 
helms 

14 

5 

47 S. 

260 

43 

202 

Gentle breeze from SE Partly cloudy Sea moderate 

15 

5 

15 S 

257 

58 

167 

Moderate breeze E by S. and SE. Partly cloudy. Overcast and squalls 
early p m 

16 

4 

57 S. 

255 

33 

146 

Gentle breeze ESE to SE Partly cloudy. 

17 

4 

28 S 

253 

05 

150 

Gentle breeze E by S to SE. Overcast, breaking away and squalls p. m 
Swung ship on 6 headings, port helm, and on 5, starboard helm. 

18 

3 

49 S. 

251 

27 

105 

Light SE breeze. Overcast, with passing showers. Sea smooth. 

19 

2 

60S 

249 

09 

150 

Light breeze SE Overcast and squally 

20 

1 

46 S 

247 

16 

130 

Light breeze SE. Overcast Sea smooth. 

21 

1 

03 S 

246 

02 

86 

Light airs, variable. Overcast, with squalls Sea smooth. 

22 

0 

19 N 

246 

41 

91 

Calm with light airs NE p m. Generally cloudy. Crossed equator about 

23 

2 

06 N 

246 

31 

107 

Gentle breeze ENE to ESE Generally cloudy. Moderate sea 

24 

4 

33 N 

246 

11 

148 

Gentle breezes from E to S. Generally cloudy, with squalls and heavy 
rams 

25 

6 

14 N. 

246 

11 

101 

Gentle breezes SE to SW. Mostly overcast, with squalls of heavy ram 

26 

7 

51 N 

246 

08 

97 

Calm and light S to SW. breezes. Mostly overcast, with squalls 

27 

8 

29 N. 

246 

06 

38 

Light airs from NE. to NW Squalls and rain at intervals through day 

28 

9 

33 N. 

245 

59 

64 

Light airs from W. to S Squally weather. Smooth sea 

29 

10 

30 N 

246 

04 

57 

Calm and light airs from S and SW Ram, squalls, and generally overcast 
Smooth sea 

30 

11 

44 N 

246 

11 

74 

Calm, not wind enough for steering Overcast, breaking somewhat NE 
breeze in evening Sea smooth. 

May 1 

12 

53 N 

245 

35 

77 

NE trades, gentle, with occasional squalls Sea moderate 

2 

13 

50 N 

243 

51 

116 

NE trades, moderate Mostly overcast Sea smooth 

3 

15 

06 N 

242 

23 

114 

Moderate breeze NNE Cloudy, with occasional breaks Moderate sea 

4 

16 

28 N 

240 

19 

145 

Moderate breeze from NNE to N Overcast all day. Swung ship, both 
helms 

5 

17 

43 N 

238 

23 

134 

Moderate breeze NE to N Partly cloudy. Moderate sea 

6 

18 

33 N 

236 

27 

121 

Light airs from N Overcast 

7 

20 

10N 

233 

43 

183 

Moderate breeze from NNE Sky overcast. Ship driving into a heavy sea 

8 

22 

27 N 

231 

54 

171 

Stiff NE breeze Overcast and threatening Sea rough 

9 

24 

34 N 

229 

42 

175 

Stiff breeze from NNE., diminishing slightly. Sky overcast and sea rough. 

10 

26 

26 N. 

228 

06 

142 

Moderate breeze from NNE. Moderate sea Cloudy weather continues 

11 

27 

64 N 

226 

09 

136 

Gentle NNE breeze Cloudy weather continues 

12 

29 

20 N 

224 

36 

119 

Light NNE breeze Overcast all day. Sea smooth 

13 

30 

12 N 

223 

49 

66 

Light airs Overcast, breaking toward evening Sea smooth. 

14 

30 

24 N 

223 

28 

22 

Calm Mostly overcast 

15 

30 

52 N 

222 

40 

50 

Calm. Mostly overcast. 

16 

31 

12 N 

222 

38 

20 

Calm Gentle SSW breeze p m Overcast with sunshine near sunset 
Swung ship both helms. 

17 

33 

59 N 

223 

51 

178 

Stiff breeze from SW Overcast, with squalls a m. Moderate sea 

18 

35 

43 N 

226 

31 

168 

Moderate NW. breeze Partly cloudy Ship yawing badly Heavy swells 
from NW. 

19 

36 

30 N. 

229 

54 

171 

Moderate NW breeze. Generally overcast. Heavy swells from NW cause 
ship to yaw badly. 

20 

37 

29 N. 

232 

05 

120 

Gentle NW breeze Sky overcast 

21 

San Francisco 


264 

Moderate W. breeze. Overcast Sighted land at 1 p m Entered Golden 
Gate at 7 p. m. and dropped anchor m San Francisco Bay at 8 p m. 


Total distance 5,765 miles Time of passage, 46 1 days. Average day’s run, 125 1 miles. 
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Summary of Passages for Cruise III of the Galilee. 
Table 44. 


Passage 

Length of 
passage 

Tune of 
passage 

Average 
clay’s run 

San Diego to Nukahiva 

miles 

days 

miles 

3,220 

26.7 

121 

Nukahiva to Tahiti. „ . 

772 

7 3 

106 

Tahiti to Apia 

1,352 

12 1 

112 

Apia to Yap 

3,454 

30 1 

115 

Yap to Shanghai 

1,734 

15 1 

115 

Shanghai to Sitka 

5,507 

41 2 

134 

Sitka to Honolulu . 

2,708 

18 3 

148 

Honolulu to Jaluit 

2,728 

23 8 

115 

Jaluit to Port Lyttelton 

3,436 

43 1 

80 

Port Lyttelton to Callao . . 

6,301 

54 3 

116 

Callao to San Francisco 

5,765 

46 1 

125 

Total 

36,977 

318 1 

116 


Summary of Passages for all Cruises of the Gahlee, 1905-1908. 

Table 45 


Cruise 

Length of 
passage 

Time of 
passage 

Average 
day’s run 

I, 1905. 

miles 

days 

miles 

10,571 

84 

126 

II, 1906 

16,286 

152 

107 

III, 1906-1908 

36,977 

318 

116 

Total 

63,834 

554 

115 


inn num ^ er days the Galilee was in commission during the period August 1, 

1905, to May 31, 1908, is 1,035. Since 554 days were spent at sea, the remaining days, 481, 
are to be ascribed to the time consumed at ports in swings of vessel, shore observations, 
computations, alterations and repairs, and outfitting. 


AUXILIARY OBSERVATIONS ON THE GALI LEE . 

Besides observations in terrestrial magnetism, the work aboard the Galilee , as far as 
mae and conditions would permit, included atmospheric electricity during the second half 
of Cruise III. The results of the latter work will be found in the special report on results 
m atmospheric electricity (see pp. 364-366). 

Observations were also made to^ determine the amount of atmospheric refraction by 
measurmg the dip of the horizon with the dip-of-horizon measurer (Kimmtiefenmesser), 
made by Carl Zeiss, of Jena. A future special report will deal with this subject. 

Meteorological observations have been made to the following extent: While at sea 
notes of the direction and force of wind were made at intervals of 4 hours. At the same 
ime temperatures of the sea-surface and the air were recorded with readings of the wet- 
u b thermometer. In addition to these usual meteorological notes, special observations 
were made at Greenwich mean noon according to the forms prepared by the United States 
Weather Bureau for observations at sea. The ship’s aneroids were controlled by port 
comparisons with standard barometers whenever opportunity afforded. 

The Greenwich-mean-noon meteorological observations, together with notes on allied 
phenomena (storms, polar lights, unusual meteorological events, etc.), have been regularly 
transmitted to the United States Weather Bureau for discussion along with the ocean data 
received by that Bureau from other sources. 





PLATE 6 



Map Showing the Three Cruises of the Galilee, 1905-1908 (Broken lmes show the tracks of the Chalk 









THE MAGNETIC WORK OF THE CARNEGIE 

1909-1916 

BY 
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THE MAGNETIC WORK OF THE CARNEGIE, 1909-1916. 

GENERAL REMARKS. 

It was intimated on page 15 that with the steady improvement of the instru- 
mental appliances and observational methods, the chief concern in accurate ocean 
magnetic work centered in the correct determination of the outstanding effects 
attributable to ship’s magnetism. Hence arose the desire to have a strictly non- 
magnetic ship. 

When the results of the magnetic observations made on the Galilee, 1905-1908, 
were finally deduced and the time and cost involved in the satisfactory determina- 
tion and elimination of the ship’s disturbing magnetic effects were considered, it was 
obvious that it would have been economy to postpone the inauguration of the ocean 
magnetic work if we had been certain at the outset that a non-magnetic ship would 
ultimately be provided. This assurance, however, in view of the uncertainties pre- 
vailing at the beginning, could not be given. 

But now the desired ship — the Carnegie — has been obtained. Before passing, 
however, to an account of the work done on her since 1909, it will be of interest to 
review briefly the difficulties involved in making accurate observations on a moving 
support. 

The accurate determination of the quantities required to define the direction 
and intensity of the Earth’s magnetic field, at points on land where instruments 
may be mounted on fixed and stable supports, is a comparatively simple matter. 
Having properly designed instruments, and using approved observational methods, 
the trained observer’s remaining difficulty on land is the adequate elimination of 
the natural fluctuations and changes taking place in the magnetic elements while 
he is measuring them. Fortunately, these magnetic fluctuations, except in rare 
instances, are of a very subordinate magnitude in comparison with the values of the 
measured quantities; for example, in the value of the horizontal component H of 
the intensity of the Earth’s magnetic field, the fluctuations during the period of 
observation rarely amount to 0.2 per cent of the value of H. Only occasionally, 
when a severe magnetic storm is in progress, may there be momentary fluctuations 
amounting to 5 per cent of H. The effect of the changes occurring normally in the 
Earth’s magnetic field may be reduced by the method of observation, and any 
outstanding portion can be determined with the aid of the data recorded at magnetic 
observatories. 

The observer at sea must seek not only to reduce or eliminate the effects of the 
natural fluctuations in the Earth’s magnetic field, referred to in the previous 
paragraph, but he must also endeavor to diminish the more troublesome effects 
caused by the fact that he is obliged to make his observations with a swinging 
instrument mounted on a moving and unstable support. Fortunately the observer 
aboard the Carnegie does not also have to contend with the difficulties introduced 
by a magnetic ship, as did the observer on the Galilee. 
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A ship at sea is never at rest and ever partakes of the motions of the element 
which supports it. In quiet waters the ship’s motions are generally of such a 
nature that, with the proper instrumental appliances and observational methods, 
it is possible for a trained observer to make magnetic observations alm ost as 
accurately as they are made on land. The instruments are mounted on gimbals 
(see, e.g., PI. 14, Pigs. 1 and 5) and all precautions are observed respecting control 
or elimination of error caused by any lack of precise level of instrument during obser- 
vations. The observing method then consists chiefly in repetition of observations 
under varying conditions and for various reversals of instrument, or of magnet, for 
a period sufficiently long to eliminate the harmonic effects of the ship’s motions. 
This is usually accomplished in 20 to 45 minutes, the time depending on the instru- 
ment used and the conditions encountered. 

Ideal conditions for ocean magnetic work are not necessarily periods of calms. 
During such times a vessel depending chiefly on sail power for headway can not 
hold a steady course. In consequence, frequent and rapid re-settings of instruments 
are required or else the changes in the headings of the ship must be continuously 
recorded and allowed for in the computations. 

Under the usual conditions at sea, observations are more or less difficult, owing 
to the effects produced by the rolling, pitching, and yawing of the vessel. Were 
one to wait for ideal conditions, many days would elapse between observations, and 
long stretches, barren of results, would occur in a voyage. Accordingly, instru- 
ments and methods must be designed and planned to meet, at least, the usual 
conditions and to secure the accuracy required for both practical and scientific 
purposes. Instruments should be designed with a view to dimin ishing the probable 
dynamic effects in the observational results produced by the ship’s motions. 
Improvements in this direction are possible to a certain extent by avoiding unsym- 
metrical distribution of mass in magnets about their centers of motion. The 
practical application of this principle is limited, however, by the changing values 
of the magnetic elements as the vessel sails from place to place. 

In order to make observations in all conditions of sea and weather, the instru- 
ment and observer must be effectively sheltered from storm, direct sun rays, and 
spray. The stand with its gimbal rings to receive the instrument must be oriented 
carefully with outer trunnions athwartship. The instrument is finally mounted and 
leveled while the vessel is in quiet waters. It is then ready for use under sea 
conditions, as nearly perfect as is at present possible. 

s P? cimens of observations on pages 212-225 and discussions, pages 
434r-4 37 , wfll serve to give some idea as to how well the difficulties caused by 
ship’s motions have been overcome. 

All the effects above briefly discussed, whether caused by natural fluctuatio ns 
or artificial ones introduced by a moving vessel, while all of sufficient magnitude to 
be taken mto consideration, are, in terrestrial magnetism, generally of a subordinate 
nature to the values of the primary quantities themselves. In atmospheric elec- 
tricity, however, the fluctuations resulting from both natural and artificial causes are 
of the order of magnitude of the primary elements measured. The observational 
difficulties in this subject will be found discussed in a special report (see pp. 361-422). 
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Nothing is said here of the physiological and psychological effects on the 
observer caused by the ship’s motions, or by his attempt to keep his eye on a rapidly 
moving object, like a dipping needle swinging through an arc of 5, 10, 15 degrees or 
more, while his body is swaying to and fro. These effects must be reckoned with. 
So again must it be borne in mind that a ship’s sailings, courses traversed, stays in 
ports, can not always be arranged in strict accordance with the requirements of 
scientific work. Many untoward circumstances and difficulties enter into ocean 
work which, while they must be taken into consideration, can not be discussed here. 

As the Carnegie was intended for ocean surveys, it was decided to build her of 
the very best materials and make her construction thoroughly substantial, com- 
bining the finish and workmanship of a yacht with the sturdy strength of a merchant 
vessel. One of the main requirements was of course to have just as little iron and 
steel in the construction of the vessel as possible. While there are many materials 
which have little or no effect upon the magnetic compass, the material, iron, so 
universally used in the modern ship, influences the compass, as is well known, to 
such an extent that its effect must either be allowed for or counteracted in some 
manner. 

The plans and specifications for the vessel were prepared in 1908, in accordance 
with the stipulated requirements and in consultation with the Department, by 
Henry Gielow, naval architect and engineer, of New York City. The Trustees of 
the Carnegie Institution of Washington having made the necessary appropriation 
on December 8, 1908, the contract for the construction of the vessel, on the basis of 
the competitive bids received, was awarded to the Tebo Yacht Basin Company of 
Brooklyn, at the time under the management of Wallace Downey. The successful 
work of the Carnegie (as shown by the cruises accomplished without mishap during 
the seven years of her existence, aggregating 160,615 nautical miles to September 21, 
1916, and extending into all seas, from the Arctic to the Antarctic) is ample testimony 
of the good services rendered in her construction by the architect and by the builder. 
It is a pleasure to record here also the interest shown and the pride felt by everyone 
concerned in the building of the unique vessel, whether a business firm furnishing 
material or a foreman or laborer engaged on the work. 

Early in Pebruary 1909, the keel of the vessel was laid, and the construction 
was then actively continued, under the supervision of the architect as well as of the 
representative of the Department, W. J. Peters. The latter was provided with a 
special testing apparatus, with the aid of which all metals used were subjected to 
careful tests before being accepted. Owing to the care shown by the contractor 
and his subcontractors, very little, indeed, of the material submitted had to be 
rejected. (See PI. 7, Fig. 1, for state of construction on May 24, 1909.) 

On June 12 the Carnegie was successfully launched, in the presence of about 
3,500 persons, the vessels in the harbor being dressed in her honor and firing salutes 
as she gracefully glided into the water (see PI. 7, Fig. 6) . The Director’s daughter, 
Dorothea Louise, in accordance with the invitation from the Executive Committee 
of the Institution, performed the christening ceremony. 
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The name given to the vessel, Carnegie, was the result of careful consideration. 
At one time it was proposed to call the vessel the Franklin, which would have been 
quite appropriate in view of the interest in physical science of the illustrious pioneer 
investigator of atmospheric electricity. However, there were already several vessels 
named Franklin and it was finally thought best to give the magnetic-survey vessel a 
name which would identify her specifically with the institution to which she belongs. 

August 21, 1909, the builder formally turned over the Carnegie to the Director 
of the Department of Terrestrial Magnetism, acting in behalf of the Institution, 
and on this day she entered on her trial cruise. Thus, in 15 months from the 
cessation on June 1, 1908, of the ocean work begun in the Pacific Ocean on the 
Galilee in 1905, a new and special vessel had been built and fully equipped, and the 
ocean magnetic survey could be resumed. 

DESCRIPTION OF THE CARNEGIE. 

The principal dimensions of the Carnegie are: Length over all, 155 feet 6 
inches; length on load water-line, 128 feet 4 inches; extreme breadth, 33 feet 6 
inches; depth of hold, 12 feet 9 inches, with a mean draft of 12 feet 7 inches, 1 and a 
displacement of 568 tons with all stores and equipment on board. Her fines, as 
will be seen from the frontispiece and Plate 7, Figure 3, and Plate 15, Figure 1, are 
fair and easy, running in an unbroken sweep from stem to stern, and showing 
strength and seagoing qualities throughout. (See also Figs. 8 and 9.) 

All the materials entering into the construction of the vessel are non-magnetic 
and are the very best of their kind. The hull is constructed as thoroughly and 
substantially as any merchant vessel afloat, the scantlings being the same as those 
required by the American Bureau of Shipping for merchant vessels of equal tonnage. 
The keel, stem, stern post, frames, and dead-wood are of white oak, grown, cut, and 
sawed in Greater New York — at Jamaica Plains — within 12 miles of the place where 
the vessel was built ; the deck beams, planking, and ceiling are of yellow pine, and 
the deck is of Oregon pine in long lengths, comb-grained. The keel (see Fig. 9 and 
PI. 8, Fig. 5) is 12 by 18 inches, and to this is fitted a false keel, 12 by 4 inches. There 
are two center keelsons, each 12 by 14 inches, and two assistant keelsons, 12 by 12 
inches. The garboard strakes are 6 by 12 inches, rabbeted into the keel. The plank- 
ing on the bottom is 3 inches thick; at the bilge 4 inches, and on the sides 3^ inches. 
The ceiling in the bottom is 3 inches thick, at the bilge 6 inches, and on the sides 4 
inches. The main deck beams are 8 by 10 inches, with a crown of 33^ inches at the 
center of the ship. They are joined to the frames with hackmatack knees of 8-inch 
siding. 

The fastenings consist of locust treenails, copper and Tobin-bronze bolts, and 
composition spikes, all through bolts being riveted over rings, both inside and 
outside. All metal deck fittings and the metal work on the spars and rigging are of 
bronze, copper, and gunmetal (see PI. 10) . 

The vessel has full sail power with a brigantine rig, carrying just under 12,900 
square feet of plain sail. Her spar plan measures 122 feet from foremast truck to 
the water surface, and 201 feet from the forward end of the bowsprit to the aft end 


l This was increased in 1914 about 15 inches 
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Construction of the Carnegie and Views of Cruise I 
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1 State of construction, May 24, 1909 

2 Cabin and library 

3 Trial cruise, August 1909 


4 Magnetic-declination observations at sea 

5 Magnetic-inclination observations at sea 

6 Launching of the Carnegie, June 12, 1909 
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of the main boom. The distance from the forward end of the bowsprit to the 
forward end of the load water-line is 48 feet; from the forward end of the load water- 
line to the foremast 35 feet; from the foremast to the mainmast 48 feet. The rigging 
is of Russian hemp. Figure 8 shows the sail plan. (See also Plate 7, Figure 3 
Plate 8, Figure 1, Plate 15, Figure 1, and Plate 17, Figures 2 and 5.) 

It was decided to install auxiliary propulsion for use in entering or leaving ports 
and to prevent interruptions in the observations by maintaining desired headway 
during calms. The necessity of providing auxiliary propulsion which would be 
nearly non-magnetic in character made the selection of the type of the plant a 
rather difficult matter. Steam was precluded on account of the necessarily high 
magnetic nature of a steam plant. The only type of prime mover at the time 
(1909) which could be economically built and maintained in reliable operation with 
a minimum of non-magnetic metals m its construction appeared to he an internal- 
combustion engine. (See PL 8, Figs. 2-5.) 



Pig- 8 — Sail Plan of the Carnegie. 

Consideration of the available fuel for such a motor resulted in the elimination 
of gasoline or oil, not only on account of cost, but also because they would be usually 
unavailable m the zones to be covered by the Carnegie, as well as dangerous in the 
quantities which would have to be stored for the lengthy voyages contemplated. 
A careful investigation showed that a gas-producer for marine purposes could be 
built which would generate from anthracite coal a suitable gas for use in internal- 
combustion engines and that such a plant could be constructed almost entirely of 
non-magnetic materials. The suction type of gas-producer was adopted, principally 
because of its simplicity in construction and operation and on account of eliminating 
as much as possible other auxiliary apparatus. 
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A 4-cylinder Craig internal-combustion engine of 150 horsepower (PL 8, Fig. 4), 
sufficient to give the vessel a speed of 6 knots in calm weather, was installed. The 
gas-producer was furnished by the Marine Producer-Gas Company of New York 
and consists of a cylinder 6 feet high with a diameter of 5 feet 6 inches, built of 
copper, with asbestos and firebrick lining and manganese-steel grates. An thr acite 
coal is used as fuel, the gas being generated in the producer, taken through a 
“scrubber, 5 ’ and used explosively in the internal-combustion engine. The vessel 
carriesj30 tons of coal in her bunkers. Non-magnetic manganese steel was used for 
the doors, grate, and small parts of the producer. The only magnetic material used in 
the construction of the bronze engine is in the steel valves, piston-rings, cam-springs, 
and cam-rollers. The total magnetic material was less than 600 pounds. Plate 8, 
Figures 2-5, shows the various parts and general arrangement of the power plant. 



Fio. 9 —Inboard Profile, General Arrangement, and Deck Han of the Carnegie. 

The ground tackle comprises 4 manganese-bronze anchors of special design — 2 
being of 1,900 pounds each, 1 of 1,335 pounds, and a kedge anchor of 340 pounds. 
Three 11-inch cables, each 120 fathoms in length, are required for these anchors. 
The hawse-pipes, boat davits, chain plates, and all metal deck fittings are of 
bronze. A fisherman’s windlass (see PI. 10, Fig. 4, and PL 18, Fig. 2), constructed of 
wood and brass, is used to weigh anchor. (A view of propeller blades is shown on 
Pl. 17, Fig. 3.) 
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The boat equipment consists of two non-magnetic 20-foot whaleboats and one 
16-foot non-magnetic gig (see PI. 9) . 

There was provided a refrigerating plant constructed of bronze and copper and 
operated by a 6-horsepower engine, especially designed and built of brass and bronze. 

All living quarters are below, the ventilation and lighting being obtained by 
means of a cabin trunk on deck about 42 feet 8 inches in length, 16 feet 6 inches in 
width and 3 feet in height, and safety is secured by means of 6 transverse watertight 
bulkheads dividing the vessel into 7 compartments. The sailing officers’ and crew’s 
quarters are forward, 42 feet in length and occupying the full width of the vessel; 
next are the quarters for the scientific staff, 38 feet in length and extending the full 
width of the vessel; and abaft of these is the machinery space, 23 feet in length. 
The living quarters have been planned to give good accommodations for all, and are 
fitted with the necessary conveniences for long cruises. Figure 9 gives the inboard 
profile of the Carnegie and shows the general arrangement of the vessel and her 
deck plan. (See also Pis. 9, 10, and 15.) 

There are 2 galleys, one aft for the scientific personnel and the other forward 
for the watch officers and crew, especially designed cooking ranges of bronze and 
copper being provided. The galley utensils are made of al umin u m or copper and 
the cutlery is of Mexican silver. 

Of special interest is the observation room, or deck house, located on the main 
deck amidships, forward and aft of which are circular observatories with revolving 
domes not unlike those of astronomical observatories (see Pis. 7, 9, 15, and 16) - 1 It 
is thus possible to make magnetic observations both in the open and under shelter. 
The observation room is 14 feet 6 inches long and 16 feet wide. The observatories 
are circular, 7 feet 6 inches in diameter, each fitted with a revolving dome, con- 
structed of bronze framework and plate glass so arranged as to permit sighting, 
whenever desirable, on celestial or terrestrial objects in magnetic -dechnation work. 
The joiner-work is of white pine, painted, with hardwood trimmings finished 
bright. 

The positions of the stands for the various instruments have been so chosen 
that any effect resulting from the small amount of iron in the engine, which could 
not be replaced by non-magnetic material, is negligible. (See pp. 202-203.) 

To eliminate further any possible magnetic effect, empty spaces are arranged 
around and below the instrument stands, making it impossible for any one, except 
the observers, to come closer than about 8 feet to the magnetic instruments while 
observations are in progress. 

The total cost of the Carnegie , fully equipped, approximated $ 115,000. 
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SYNOPSES OF THE CARNEGIE’S CRUISES, 1909-1916. 

CRUISE I. SEPTEMBER 1909 TO FEBRUARY 1910. 

During the period August 21 to September 10, 1909, various tests and trials of the 
vessel were made in Long Island Sound and Gardiners Bay, and some alterations to 
machinery were effected at New London, Connecticut, the Carnegie left the latter place 
on September 11. The swing observations for the purpose of testing the absence of 
observable deviations were made in Gardiners Bay from August 31 to September 2. W. J. 
Peters, who had been in charge of the Galilee during Cruises II and III, was placed in 
command of the Carnegie. He was assisted by J. P. Ault, magnetician, C. C. Craft, 
surgeon and observer; E. Hudson and R. R. Tafel, observers; and D. F. Smith, chief 
engineer. The sailing staff consisted of C. E. Littlefield, sailing master; 2 watch officers; 
8 seamen; 1 mechanic, and 2 cooks. During the trial period of the installations on the 
Carnegie in Long Island Sound and on the trip to St. John’s, the Department was fortunate 
in securing also the temporary services of Carl D. Smith, expert in gas engines. The 
Director accompanied the vessel on the trip from St. John’s, Newfoundland, to Falmouth, 
England. (For views referring to Cruise I, see PL 7, Figs. 3-5.) 

Encountering headwinds and calms, the Carnegie arrived at St. John’s, Newfoundland, 
on September 25, entering the harbor with her own power. After the completion of the 
shore work at St. John’s, the vessel left on October 2, bound for Falmouth. The passage, 
in general, was rough, westerly gales being an almost daily experience; still the trip was 
made in less than 12 days, the average daily run being 159 nautical miles. Magnetic 
observations were secured on every day but one. On October 18 the vessel was swung 
outside of Falmouth Harbor, the results confirming those at Gardiners Bay and proving 
most satisfactorily that non-magnetic conditions had, indeed, been secured at the various 
positions for the instruments. The results were also in excellent agreement with those 
derived from the Rucker and Thorpe magnetic survey of the British Isles, when referred 
to date of observation with the aid of the records of the Falmouth Magnetic Observatory. 
This Observatory rendered valuable assistance in various ways. 

Both at St. John’s and Falmouth the Carnegie was visited by eminent persons. The 
Governor and the Premier of Newfoundland made special visits, and at F alm outh official 
visits and inspections were made by the late Sir Arthur Rucker and Professor Arthur 
Schuster, both at the time members of the Advisory Council of the Department, as also 
by Commander Chetwynd, superintendent of the Compass Department of the British 
Admiralty. Special courtesies were extended to the vessel at both ports. As she left 
St. J ohn’s, messages of farewell and of wishes for a pleasant voyage were hoisted on H. M. S. 
Brilliant (Capt. Haworth Booth in command), and on Cabot Tower on Signal Hill, 
above the narrow entrance to the harbor. 

The Carnegie left Falmouth, England, upon the completion of the work there, on 
November 9, 1909, and arrived at Funchal, Madeira, on November 24. Owing to the 
pronounced local disturbances at Funchal, no standardization observations were made. 
The longest passage of the Carnegie’s first cruise, viz, between Funchal and Hamilton, 
Bermuda, was completed between December 1, 1909, and January 7, 1910, under very 
favorable conditions for observing. The constants of the instruments were determined 
at Agar’s Island and Hunt’s Island and the final passage of the first cruise to New York 
was begun on January 28, 1910. After a very stormy trip, which proved the seaworthi- 
ness of the vessel, the Carnegie came to dock in Brooklyn on February 17, 1910. 

Owing to the great advantage of having a vessel requiring no deviation-correction 
whatsoever, and because of the perfection reached in the instruments themselves, it was 
possible, for the first time, to make the results known immediately upon the conclusion 
164 
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of a voyage. Thus the magnetic data obtained on the trip from Long Island Sound to 
h almouth (September 1-October 18) were communicated, on arrival of the vessel at Fal- 
mouth October 2, to the leading hydrographic establishments of the world, were laid before 
e Russian Geographic Society at Petrograd by General Rykatchew on October 27 and 
were published in Nature on October 28. ’ 

Errors of importance to the navigator were found on the Carnegie’ s first cruise. Thus 
along the track followed by the Atlantic liners from England to a point off Newfoundland’ 
the magnetic charts, in general, showed too large westerly declination (variation of the 
compass), the error reaching nearly a degree. From there to Long Island the charts gave 
systematically too small westerly declination or variation of the compass, by amounts 
reaching 1?5 in the maximum. Owing to the peculiar and systematic nature of the errors 
their effect was always to set a vessel toward Sable Island or Newfoundland, when hex- 
course had to be shaped entirely by compass and log, as is the case in time of fog or cloud, 
borne ol the skilled captains of our ocean liners had suspected the possibility of such errors 
but the Carnegie definitely proved and published the fact and revealed the cause. For 
long stretches on other portions of the cruise, systematic and, hence, cumulative errors 
were disclosed, the mariners’ charts of the compass direction being found in error at times 
as much as 2° to 2°5. 

The chart errors in magnetic dip amounted to 1°5 to 2?5, and in the horizontal com- 
ponent of the Earth’s magnetic force the error at times reached nearly one-tenth part. 
The errors found in the three magnetic elements were partly due to errors in the assumed 
values of the secular variation. 

The total length of Cruise I was 9,600 nautical miles; the time at sea (not counting 
stoppages at ports) was 96 days; hence, the average day’s run was 100 miles. (See 
abstract of log and summary, pp. 330-332.) V 

CRUISE II, JUNE 1910 TO DECEMBER 1913. 

The alterations and additions found desirable as the result of the first cruise were 
completed in time to permit the Carnegie to set out from Brooklyn upon a three-years’ 
circumnavigation cruise on June 20, 1910, under the command of W. J. Peters. In con- 
nection with these alterations, which were almost wholly in the auxiliary propulsion plant 
and its general arrangement, acknowledgment must be made of the cordial and effective 
assistance rendered by the architect of the Carnegie, H. J. Gielow; by the constructing 

the lebo Yacht Basin Company, then under the management of Wallace Downey 
D ' ? mith ^ W. C. Bauer, consulting engineers; by James Craig, Jr., the builder 
of the engine; and by D. F. Smith, the engineer-in-charge. 

The Carnegie : first proceeded to Greenport, Long Island, and swung ship in Gardiners 
Bay on June 22, 23, and 25, at the same place as in the preceding year. She was visited 
and inspected at Greenport by President Woodward in company with the Director. Having 
completed the determinations of instrumental constants, course was set on June 29 fox 
Vieques, Porto Rico, via latitude 34° north and longitude 46° west. After an unusually 
favorable passage, during which observations of the three magnetic elements were possible 
on all but two days, Vieques was reached on July 24. Through the courtesy of Superin- 
tendent O. H. Tittmann, of the United States Coast and Geodetic Survey, opportunity 
wa,s afforded, at this point, to compare the Carnegie magnetic instruments with the stand- 
ards of the Vieques Magnetic Observatory, the local observer, G. Hartnell, assistin g Jq 
every way. The anchorage at Vieques was exposed, so, while the observations were 
being made at this place, the vessel anchored at Culebra Island, and the observers lived 
ashore. Upon completion of the comparisons, the vessel returned to Vieques to take on 
the observers,^ and then, having made magnetic observations at the Culebra station for 
secular-variation data, the expedition proceeded to Porto Rico, where valuable assistance 
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was rendered by Commodore Karl Rohrer, of the United States Naval Station. The 
Carnegie left San Juan, Porto Rico, for Para, Brazil, where she arrived September 24, 1910, 
having encountered unusually favorable conditions for magnetic work. Upon completion 
of the shore work at Pinheiro, the magnetic station near Para, the Carnegie left on October 
15, 1910, and arrived at Rio de Janeiro, Brazil, December 2, 1910, the voyage having been 
made under very favorable observing conditions. Intercomparisons of barometer stand- 
ards were carried out at the Rio de Janeiro Observatory through the courtesy of Director 
Morize, who also rendered the Carnegie's scientific staff valuable aid in other ways. 
Upon the completion of the usual harbor intercomparisons of land and ship instruments and 
swing observations on December 23 and 24, the Carnegie sailed on December 29 for Monte- 
video and Buenos Aires. (For view of shore work at Rio de Janeiro, see PI. 19, Fig. 1.) 

No land observations were made at Montevideo, at which place the Carnegie arrived 
on January 14, 1911. After a short delay by storm she proceeded to Buenos Aires, arriving 
there January 17. The observing conditions between Rio de Janeiro and Buenos Aires 
were very good, and numerous observations were obtained. The comparisons of ship and 
land instruments, as well as the comparisons of the Argentine magnetic standards with 
those of the Department, were carried out at the magnetic observatory of the Meteorological 
Service of Argentina at Pilar, Cordoba. Barometer comparisons were also made at the 
office of the Meteorological Service in Buenos Aires. Acknowledgment is made here of 
the cordial cooperation and effective aid received from Director W. G. Davis and the 
observer-in-charge at Pilar, L. G. Schultz. 

The Carnegie sailed from Buenos Aires on February 14; but on account of adverse 
winds and tidal conditions, together with the loss of an anchor, subsequently recovered, 
she did not get out of the Rio de la Plata into the open sea until the 21st. Owing to this 
delay and to foggy weather in the vicinity of Tristan da Cunha, it was found impracticable 
to stop at this island, as had been planned, so that practically a great-circle course was 
followed between Buenos Aires and Cape Town. This portion of the cruise was very 
successful and numerous magnetic observations were made, despite the foggy conditions 
prevailing during a part of the time. Cape Town was reached March 20. Intercompari- 
sons of the land and sea instruments, as well as comparisons with the magnetic outfits of 
Professors J. C. Beattie and J. T. Morrison, were secured at Valkenberg, near Cape Town. 
Barometer comparisons were made with the standards of the Royal Observatory, Cape of 
Good Hope. At Cape Town Dr. H. M. W. Edmonds, surgeon and magnetician, and 
Observer H. F. Johnston joined the vessel. Dr. C. C. Craft, who had been surgeon and 
magnetic observer on board the Carnegie since the initiation of her work, was relieved of 
sea duty at Cape Town to return to the Office, owing to the impaired condition of his eyes. 

Upon the completion of the observations at Cape Town, where Doctors Beattie, 
Dodds, and Hough rendered much valuable aid, the Carnegie left for Colombo on April 26, 
arriving there June 7, 1911. The course from Cape Town was made for St. Paul Island, 
and thence directly for Colombo. This passage of the cruise was accomplished with 
cloudy weather and heavy seas during the easterly course, and under fine conditions during 
the northerly course. Observations were made nearly every day. At Colombo the 
Director joined the vessel for the purpose of a general inspection trip, for consultation with 
the commander as to the details of the work, and for discussion regarding such alterations 
as might be deemed advisable for further improvement. Observer E. Kidson, who had 
been on duty aboard the Carnegie since the initiation of her work in 1909, was relieved 
at Colombo of sea duty, and directed to proceed at once to Australia, there to take up 
magnetic-survey work on land. Numerous courtesies were extended to the Carnegie 
staff by the officials at Colombo. 

Having completed the intercomparisons of the land and sea instruments at Colombo, 
and of the barometric standards at the Meteorological Observatory, the Carnegie set sail 
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on July 6, 1911, for Port Louis, Mauritius Island, with the Director aboard, arriving there 
August 5, on schedule time. With the exception of a few days this portion of the cruise 
was made under very favorable conditions. Valuable data, both with regard to the dis- 
tribution of the magnetic elements and their secular changes, were secured, the course to 
Mauritius being deflected to the southward in order to intersect the track of the Gauss. On 
this portion, also, the 1911 track of the Carnegie northward to Colombo from St. Paul 
Island was crossed, and thus valuable opportunity was afforded for testing the accuracy of 
her work, as well as of the chart errors previously found. The results of these tests were 
very satisfactory. Intercomparisons of land and sea instruments, as well as a valuable 
intercomparison of the standards of the Department and those of the Royal Alfred Observa- 
tory, were secured. Much interest was shown in the work of the Carnegie by the Governor 
of Mauritius and other officials. Director Walter, of the Observatory, rendered valuable 
aid in the instrumental comparisons. (See PL 15, Figs. 1 and 2.) 

The land work being completed, the Carnegie left Port Louis, bound for Batavia via 
Colombo, on August 16, 1911, the Director continuing with the vessel. A short stop was 
made at Colombo, during September 10 to 15, and there the Director left the party to 
visit magnetic organizations and observatories in India, the East Indies, and China. 
Excellent conditions prevailed between Mauritius and Colombo, and numerous observa- 
tions were made. After a 43-day cruise from Colombo, during which the desired observa- 
tions were secured, Batavia was reached on October 27, 1911. The course from Mauritius 
carried the vessel first to the westward of the Seychelles Islands into the western part of 
the Arabian Sea, where the agonic line was located by two widely separated crossings, and 
across the tracks of the principal steamship lines, thence back to Colombo, and from there 
to Batavia. Intercomparisons of the sea and land instruments, as well as valuable inter- 
comparisons of the standards of the Department and those of the Royal Meteorological and 
Magnetic Observatory, were secured at Batavia, through the effective assistance of Director 
van Bemmelen. (For view of work in atmospheric electricity, see PI. 15, Fig. 4.) 

From Batavia the Carnegie sailed on November 21, 1911, bound for Manila by a cir- 
cuitous route, arranged so as to cover the eastern part of the Indian Ocean. The course 
followed was south-southwest in the Indian Ocean to south latitude 30 °8 and east longitude 
89 °4, thence it extended to 37° 5 south, in east longitude 95? 5. From this point a general 
northeasterly course was followed into the China Sea and the North Pacific The Carnegie 
reached Manila, Philippine Islands, on February 2, 1912, having been out 73§ days from 
Batavia, and having covered a distance of 8,291 miles; the conditions for observations 
were good. 

At the new Manila Magnetic Observatory, situated at Antipolo, intercomparisons of 
magnetic instruments were made with the standards of the United States Coast and 
Geodetic Survey and with those of the Antipolo Magnetic Observatory. These compari- 
sons were much facilitated through the cordial cooperation of Director Algu6 of the Manila 
Observatory and his chief assistant at the Antipolo Observatory, M. Saderra Mas6, and the 
Director of Coast Surveys at Manila, P. A. Welker, at the time. Upon the completion 
of the land work and of minor repairs in dry dock, the Carnegie left Manila on March 24, 
1912, pursuing a northeasterly course off the Luchu Islands, and thence practically due 
east to north latitude 30° and east longitude 166°. Thence the course was, in general, 
southward to Suva, Fiji Islands, where the vessel, after having been considerably delayed 
by head winds, arrived June 7, 75 days out from Manila. The total distance covered from 
Manila to Suva was 8,158 miles. The track of the Galilee was crossed several times, and 
thus valuable secular-variation data were obtained. Effective assistance was rendered the 
Carnegie at Suva by various officials. 

Upon completion of the land work at Suva, including a reoccupation of the Galilee 
station of 1906, the Carnegie left for Papeete, Tahiti, June 30, 1912. The departure 
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from Suva was delayed by contrary winds blowing through the narrow entrance. A course 
was steered along the parallel 30° south, passing between the outward and homeward- 
bound passages of the Galilee’s last cruise. From near Easter Island a northerly course 
was followed to the equator; thence the course was westerly, and then southwest to Tahiti. 
On crossing the equator, the ship was swung under favorable conditions for magnetic incli- 
nation and intensity. The observations, made on the various headings in the two observing 
domes, again showed smaller differences among themselves than the general accuracy of 
sea observations. 

Papeete, the port of Tahiti, was reached September 11, 1912; here the acting governor 
and other officials took great interest in the Carnegie and her work. On October 15, 
after completion of the land work, the vessel sailed for Coronel, Chile, where she arrived on 
November 25. The magnetic station established at this place in 1907 by the Explorer, of 
the United States Coast and Geodetic Survey, was reoccupied. After the necessary land 
observations had been made for the determination of constants and intercomparisons of 
instruments, the Carnegie proceeded to Talcahuano on December 4. At this port, through 
the courtesy of the Chilean naval officials, particularly Admiral Francisco Neff, the govern- 
ment dry-dock was used for dry-docking the vessel and carrying out necessary repairs. 
While at Talcahuano opportunity was given Observers Hewlett and Johnston to visit Dr. 
Walter Knoche, in charge of the meteorological work for the Chilean Government at 
Santiago, and to discuss with him methods of work m atmospheric electricity at sea. 
Subsequently Dr. Knoche visited the Carnegie at Talcahuano and kindly made some 
further suggestions. 

Leaving Talcahuano December 19, 1912, the Carnegie proceeded next to Stanley, 
Falkland Islands, arriving there January 27, 1913. A northwest course was followed to 
about 26° south latitude and 95° west longitude, thence southwest to about 40° south 
latitude and 107° west longitude, and thence around Cape Horn to Stanley. Winds of 
great strength prevailing for days at this port, considerable delay was experienced in the 
completion of the work, which mcluded a reoccupation of the magnetic station given in the 
“British Admiralty List.” Dr. Edmonds was relieved of ocean duty at Stanley in order 
to take charge of a land expedition to Hudson Bay, and Dr. C. C. Craft was assigned as 
surgeon and magnetic observer in his place. Acknowledgments are due the Governor of 
the Falklands, Honorable W. L. Allerdyce, and other officials and persons at Stanley for 
numerous kindnesses shown. 

The Gamete sailed from Stanley on February 22, 1913, bound for St. Helena, following 
a great-circle route to 46?5 south latitude and 1° east longitude. Along this portion of the 
passage a number of large icebergs were seen. The 1911 track of the Carnegie was crossed, 
as well as that of the Gauss while on her Antarctic cruise. The Carnegie was swung at sea 
on March 21, and it was once more found that the magnetic observations (magnetic inclina- 
tion and. intensity), made on the various headings, agreed with each other within the 
observational errors. Arriving at Jamestown, St. Helena, on April 3, the stop made this 
time was only long enough to provision the vessel, attend to the accumulated correspondence, 
and dispatch the observation records to Washington. In order to make the more southerly 
return passage from Bahia to St. Helena before the Sun reached the summer solstice, as 
had been planned, the usual shore work was postponed, and St. Helena was left on April 9, 
the course being set direct for Bahia. En route, observations of the magnetic decimation 
were made during a complete swing of the vessel, confirming the absence of possible devia- 
tions greater than the error of observation. 

Bahia was reached on April 24. As the Brazilian station at Bahia was no longer 
suitable for secular- variation purposes, a new magnetic station was established on Jaburu 
Point (PI. 19, Fig. 2) where intercomparisons were made ashore of all instruments used 
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aboard. Observer Schmitt joined the Carnegie at this port in place of Observer Johnston, 
who had been assigned to take charge of important land magnetic work in Paraguay, 
Uruguay, Argentina, and Brazil. 

After completion of the land work, the Carnegie sailed from Bahia on May 19 for 
St. Helena, following a south and east course to about 33° south latitude and 8° west 
longitude, and sailing thence north to St. Helena, where she anchored off Jamestown, 
June 23. On this passage considerable cloudy and stormy weather was experienced. 
Complete intercomparisons of all instruments were now made ashore, and one magnetic 
station of the Gauss expedition was reoccupied. The Governor of St. Helena (Maj'or H.W. 
Cordeau) , at both visits of the Carnegie, evinced his interest and extended various courtesies. 

Leaving St. Helena on July 21, a north-northwest course was followed to about 30° 
north latitude and 40° west longitude, and then north and northeast courses to Falmouth, 
where the vessel arrived September 12. On August 15 and 18, magnetic observations were 
obtained on 8 equidistant headings of the ship, the previous conclusions regarding absence 
of appreciable ship deviations being again confirmed. 

During this passage from St. Helena to Falmouth, the Carnegie on August 10 crossed 
her track of 1909. A comparison of the two values of the magnetic decimation obtained 
at the point of intersection, one in 1909 and the other in 1913, showed that the north end 
of the compass needle had shifted westward at an average annual rate of 7 minutes, this 
is in the right direction to account to some extent for chart errors. A reliable value of the 
secular change, derived from sea observations for an interval of not quite four years, can 
only be obtained by means of the refined methods and instruments in use on the Carnegie. 

At Falmouth, besides the usual shore comparisons of instruments, the stations estab- 
lished by the Carnegie during her first call at this port in October 1909, at Trefusis Point 
and St. Anthony, were reoccupied for the purpose of determining the secular change in the 
magnetic elements since 1909. For the same purpose magnetic observations were made at 
the two nearest stations, Truro and Porthallow, of the Magnetic Survey of Great Britain 
by Professors Rucker and Thorpe, thus additional data for connecting the latter survey 
with the work of the Carnegie were obtained. The vessel was also swung a second time in 
Falmouth Bay, complete magnetic observations being made over the same area where 
similar work was done in 1909; the 1909 results were confirmed. In connection with the 
Carnegie’s work at Falmouth, acknowledgment should be made of the aid received from 
Doctors Glazebrook and Shaw, and Messrs. W. L. Fox, J. B Philipps, and Spry. 

October 15, the Carnegie left Falmouth on the last passage of the long cruise begun 
in June 1910. On account of head winds she put in at New London, Connecticut, on 
December 14, and was towed to Greenport on December 15. After reoccupying the repeat 
stations at Greenport and Shelter Island, the Carnegie left on December 18 and was berthed 
at Beard’s Yacht Basin, Brooklyn, on December 19. The Director inspected the vessel 
here, and conferred with W. J. Peters, commander, regarding the repair work required 
after the three-year continuous cruise of the Carnegie. 

The scientific 'personnel on this cruise, besides the Director, who was with the vessel 
from June to September 1911, consisted of the following persons: W. J. Peters, in com- 
mand of vessel, C. C. Craft, surgeon and observer to April 1911 and from February 1913; 
H. M. W. Edmonds, surgeon and magnetician, from March 1911 to February 1913; E. Kid- 
son, observer, to June 1911; H. D. Frary, observer, to September 1912; C. W. Hewlett, 
observer, from September 1912; H. F. Johnston, observer, from March 1911 to May 
1913; H. R. Schmitt, observer, from May 1913; C. R. Carroll, meteorological observer 
and clerk, to September 1911; N. Meisenhelter, meteorological observer and clerk, from 
February 1912. (For view of the Carnegie’s personnel, see PI. 15, Fig. 3.) 
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At the various ports of call the Carnegie’s scientific staff received most cordial assist- 
ance from various diplomatic and consular officers besides from those already mentioned. 

Besides the usual observations for geographic position and of the magnetic elements, 
atmospheric-electric observations, as opportunity afforded, were made on the Carnegie by 
Observers Kidson and Johnston. Atmospheric-pressure observations have been carried 
out and various improvements in the method of observations were effected. Observations 
for atmospheric-refraction effects at sea were also made. 

The total length of Cruise II was 92,829 nautical miles; the time at sea (not counting 
stops at ports) was 798 days; hence, the average day's run was 116 miles. (See abstracts 
of log, pp. 333-347, and summary, p. 347.) 

CRUISE III, JUNE TO OCTOBER 1914. 

Upon the return of the Carnegie from her long circumnavigation cruise (Cruise II) 
arrangements were promptly made for the necessary repairs, required chiefly on account of 
dry rot. At the same time some alterations in the interior arrangements of the vessel were 
made. The stone ballast, previously used, was replaced by lead ballast. The refrigerating 
plant, oil engine, and producer-gas engine were also overhauled, and some improvements 
were effected. The repairs and alterations were made at Hoboken, New Jersey, by Tietjen 
and Lang, under the direct supervision of W. J. Peters, as representative of the Department 
of Terrestrial Magnetism. 

Meanwhile, plans had been made for a cruise, under the charge of W. J. Peters, chief 
of party, to Hudson Bay in a chartered vessel, the George B. Cluett, belonging to the Grenfell 
Association. Accordingly, on June 1, 1914, the command of the Carnegie was transferred 
to J. P. Ault, who has carried out the cruises of the vessel since that date. 

After the Director had made his inspection of the vessel, and had given the fi nal 
instructions regarding the cruise and the program of work, the Carnegie left Brooklyn, on 
June 8, 1914, direct for_ Hammerfest, Norway, with the following personnel aboard: J. P. 
Ault, magnetician and in command of vessel; H. M. W. Edmonds, magnetician and sur- 
geon, H. F. Johnston and I. A. Luke, observers; N. Meisenhelter, meteorological observer 
and clerk; R. E. Storm, mechanical engineer; J. Sahlberg, J. Johnson, and T. Pedersen, 
watch officers, C. Heckendorn, mechanic; 8 seamen, 2 cooks, and 2 cabin boys; 22 persons 
in all. Martin Clausen, who had served faithfully and efficiently, first as third and later as 
second and first watch officer on the previous cruises, on May 17, during shore leave, unfor- 
tunately met with an accident, and died on May 24. On May 27 John Sahlberg was 
appointed first watch officer in his stead. 

From Brooklyn, the Carnegie followed a course practically due east along the parallel 
of 41° north to about 53° west longitude, and thence practically in a direct line to Hammer- 
fest. A landfall was made in the vicinity of the Faroes on June 27. Hammerfest was 
reached on July 3, after a cruise of 4,152 nautical miles. In addition to the usual stations 
occupied at Hammerfest for the purpose of determining the instrumental constants, 
observations were secured in the neighborhood, at five additional stations, for the purpose 
of selecting a suitable, place in the harbor to swing the vessel, and thus test anew the 
absence of ship deviations at the mounts of the magnetic instruments. Swings of vessel 
were secured on July 15, 16, and 18, with satisfactory results for both horizontal intensity 
and inclination, as also for declination, due account being taken of the small horizontal 
intensity (0.1 c. g. s.) at this high magnetic latitude. These tests showed once more, 
as in the previous cruises, that there are no deviations of sufficient magnitude to be taken 
into account. (See PI. 16, Figs. 2 and 3, and PI. 19, Fig. 3.) 

On July 25 the Carnegie left Hammerfest, bound this time for Reykjavik, Iceland, the 
commander’s instructions being to proceed as fax north as ice conditions permitted, without 






The Carnegie’s Cruises, 1909-16 


171 


endangering the safety of the vessel. The following interesting extract is taken from his 
report, dated Reykjavik, August 27, 1914: 

“After leaving Hammerfest it was planned to make a short trip into the Barents Sea towards 
Nova Zembla, but, head winds being encountered, the course was shaped for Spitsbergen We 
were becalmed 2 days off Bear Island, after which fair winds prevailed until July 31, when ice was 
sighted about 30 miles south of South Cape, the southernmost point of Spitzbergen. A few hours 
later we were headed off by the solid ice-pack, but the western edge of the pack could be seen and 
we knew that by standing to the westward it would be possible to clear it. This flow did not extend 
far into the sea west of Spitzbergen, having drifted down from Stor Fiord to the eastward of Spits- 
bergen. Standing to the westward, we cleared the ice, and, being favored with fair winds and good 
weather, continued northward. 

“ On August 2, all plans were made to swing ship the next day north of latitude 80°, the engine 
being in running order That night the southwesterly wind increased to a gale, making it necessary 
for us to heave-to and try to get south, as the solid polar ice-pack was only about 50 miles to the 
northward Our farthest north, therefore, was latitude 79° 52 3 After 4 days of head winds we 
again had favorable winds, but for 4 days we saw nothing of the Sun, and consequently secured no 
magnetic-declination observations. Off the northeast coast of Iceland another head wind was 
encountered, which lasted 7 days. 

“On August 21, the day of the eclipse, we had our first clear weather for 2 weeks and had a fine 
view of the eclipse, getting numerous photographs and noting times of contact. From there to 
Reykjavik, where we arrived on August 24, the trip was without incident, with the exception of 2 
days of head winds, just before entering the harbor ” 

On account of local disturbances in the general neighborhood of Reykjavik, it was not 
deemed worth while to attempt swings until after leaving Reykjavik. Various shore sta- 
tions were occupied, as also Dr. Angenheister’s station of 1910. The necessary shore 
observations and standardizations of the ocean instruments having been completed, the 
Carnegie sailed from Reykjavik on September 13, bound for Greenport, Long Island. She 
arrived at the latter port on October 12; after the completion of the shore and harbor 
observations, both in terrestrial magnetism and atmospheric electricity, she proceeded to 
Brooklyn and was berthed at Beard’s Yacht Basin on October 21. (See PI. 16, Fig. 5.) 

The Carnegie, on this cruise, thus reached a high northerly latitude and secured a valu- 
able series of observations in a region of high magnetic latitude. The largest value of the 
magnetic inclination was 8173, the horizontal intensity at this point being 0.082 of a c. g. s. 
unit. The total length of the cruise was 9,560 miles, the average day’s run being 114 miles. 

As evidence of the promptness with which the results of the magnetic observations 
obtained on board the Carnegie may be made known, the following facts are cited: The 
values of the magnetic declination (the variation of the compass, as the mariners call it) 
obtained on the portion of the cruise from Long Island Sound to Hammerfest, June 10 to 
July 2, 1914, were printed in the number of the Journal of Terrestrial Magnetism and 
Atmospheric Electricity which was issued on September 1, 1914; the values observed from 
Hammerfest to Reykjavik, July 26 to August 23, 1914, were received at Washington on 
September 21, and those from Reykjavik to Greenport, September 15 to October 11, on 
October 16. The values of the other magnetic elements (inclination and intensity) were 
received at Washington at the same time as the declination values. 

In general it was found that, for nearly the entire cruise from Long Island Sound to 
Hammerfest, and thence to Reykjavik, the chart values of west compass-direction were too 
low, as compared with the values observed aboard the Carnegie, by amounts reaching 
nearly 4° for one chart. The general result found on this cruise was thus in entire agree- 
ment with that announced for the first cruise of the Carnegie, New York to Falmouth, 
England, in 1909. 

As in previous cruises, much interest was shown in the work of the Carnegie, and many 
courtesies were extended at the ports visited. (For abstracts of log and summary, see pp. 
348-349.) 
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CRUISE IV, MARCH 1915 TO SEPTEMBER 1916. 


. After the completion of Cruise III, the Carnegie was out of commission for a few months 
during which time an observatory was built, just abaft the after dome, for the housing of 

a 6 n ^ mSt ? mentS used in the measurements of the electrical state of the atmosphere. 
An additional stateroom on the starboard side of the cabin was provided for the accommo- 
dation of an extra observer. The bottom of the vessel was sheathed with a copper alloy 
for tropical waters, and a belt, consisting of brass plates, was added to afford some protec- 
tion against the ice conditions likely to be encountered on the forthcoming cruise. The 
alterations were made at Hoboken by Tietjen and Lang, according to plans and specifica- 
tions of the naval architect, H. J. Gielow, of New York, under the immediate super- 
vision of J. P. Ault, as representative of the Department of Terrestrial Magnetism. These 
improvements were satisfactorily completed by February 17, 1915, on which day the 

h “ ’’“I’ 1 Be ? rd ’ s YacM Basm ' at Brooklyn, to be put m commis- 
' * e f ie above work . (PL 17, Fig. 1) was being done the magnetic instruments 
were examined, repaired, or altered in the Department shop as required for Cruise IV, and 
their constants were redetermined. 

in ?? eCti011 ? th T e I essel b ^ y tlie Director and W. J. Peters, the Carnegie, on 
March 6, left Brooklyn, under J. P. Ault’s command, for Gardiners Bay, where she was 

® S Tf °n M f arCh 7 J md 8) preparatory to putting to sea. This was the Car- 
negie s fifth visit to Gardiners Bay for the purpose of swinging ship. The result of these 

Surw, • m r 190 ?’ im ’ ] 9 1 4 ’ and 1915 ’ eonfirm the exis ^e of local magnetic 
disturbance m Gardiners Bay and furnish the desired control on the accuracy of the 

magnetic work aboard the Carnegie. W. F. G. Swann remained on board to the last moment 
comp ete the installations and tests of the new atmospheric-electric instruments which 
^ b^n constructed m the Department shop for this cruise, in accordance with his 
suggestions. In this work he was assisted by S. J. Mauchly and H. F. Johnston. 

The Carnegie sailed from Gardiners Bay on March 9, bound for Colon, Panama, the 
H 1P J being as follows: J. P. Ault, magnetician and in command of the vessel; 

T at i ^ agnetl ? lan and sur geon, and second m command; H. F. Johnston, 

m^emoWiraf *1' E ‘ SaWJe J jo I ned the vessel at Colon )» observers ; N. Meisenhelter, 

meteorological observer and clerk; R. P. Doran, first watch officer; M. G. R Savarv 

23 g persons S in°an °f - IT’ 8 seamen , 2 cooks, and 2 cabin bo/s; 

addltloa ; » S. j. Mauchly remained with the vessel until Panama was 
eached, to perfect the installation and operation of the newly constructed atmospheric- 

Loringtook t^nlace of TT^ 1 ^ ° f ^ G ? rnegu at Lyttelton in November 1915, Observer 
When thp voas ? t + v ‘ Sawyer ’ w b° was ass igned to land magnetic work in Africa. 
When the vessel, furthermore, returned to Lyttelton from the sub-Antarctic cruise 

Observer B. Jones joined the vessel in April 1916 in place of H. F. Johnston assigned to 
land magnetic work A. Beech succeeded R. P. Doran as first watch officer in April 1916 ) 
he passage to Colon was made m about 16 days, during which observations of at 1 m st 
one magnetic eiement, and usually of all three, were made on every day of the stormypassage 

M^chT? “T®! dur * S P assa §e, namely, A. H. Sorensen, cook, 
— I: u ti l cabm boy, March 24. At Colon the ship instruments were 
compared with the land instruments, and a new repeat station was established. Unfortu- 
nately the previously occupied stations in the vicinity of Colon are now magnetically 
affected by the large construction operations. On April 4 the Carnegie draped both 
anchors in a fierce norther, but finally the anchors held She was subsequeffily foted to 

Fig^l) 7 ^ tUg POrt ° Bell ° Snd the dredge Caribbean - (For view of shore workf see Pl. 19, 

The Carnegie was next taken through the canal and then she set sail in the Pacific 

7qdtfp™£ P ? 12 fT ° m Ba ? 0a / h i° UUd f0F Honolulu ' After 39 days at sea, during which 
73 determinations were made of the magnetic declination and 39 each of dip and intensity. 
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including a swing of the ship, the Carnegie reported her arrival at Honolulu on May 21. 
An elaborate scheme of comparisons was carried out between the ship’s magnetic instru- 
ments and those of the Honolulu Magnetic Observatory, operated by the United States 
Coast and Geodetic Survey, by which a correlation with other magnetic observatories and 
standards was effected. Every facility for carrying out these comparisons at the observa- 
tory was rendered by the observer-in-charge, W. W. Merrymon. On June 29 and July 3 
the Carnegie was swung off Pearl Harbor, in about the same locality as that of the Galilee's 
swing of 1907. The results confirm the large differences which had been indicated by the 
Galilee swing, between the values of the magnetic elements at the place of swing and at the 
observatory, and they also give a means of supplying an additional determination of the 
constant A of the deviation formula for the Galilee at Honolulu. The place of swing can 
not be surrounded by land stations and hence can not be controlled by land observations. 
This shows another advantage of a non-magnetic vessel over a vessel with deviations in a 
magnetic survey of the oceans. After all the labor of planning, observmg, and swinging 
ship, and the tedious computations of the deviation parameters for a vessel having devia- 
tions, one is confronted with the fact that hardly one of the few values of A which can be 
observed during a cruise is wholly above the suspicion of being affected by local disturbance. 
One can only hope that the effect is neutralized in the mean of a number of observations at 
the ports available. (For view showing observations at Honolulu Observatory, see PI. 17, 
Fig. 4 ) 

On July 20, 1915, the Carnegie reached Dutch Harbor, having sighted the Bogosloff 
Islands. The commander’s report on the sighting of these islands reads: 

“The Bogosloff Islands were seen at a distance of 3 miles at 2 a. m., July 20 There are two 
islands at present, the eastern one terminating in two high twin peaks with sharp points at the top, 
the western one having one high mountain with a broad top.” 

When the Carnegie arrived at Dutch Harbor she had already covered 10,158 nautical 
miles of her present cruise, in 73 days of sailing, at an average of 139 miles per day. During 
this period 101 values of the magnetic declination and 56 each of inclination and intensity 
were observed at sea; besides an elaborate program of observations in atmospheric elec- 
tricity was carried out. Observations for determination of the amount of atmospheric 
refraction have been continued, as also the usual meteorological observations. 

The magnetic declinations observed on the Carnegie from Brooklyn to Dutch Harbor, 
March-July 1915, showed that there had been a steady improvement in the nautical 
charts since the data obtained during the previous cruises of the Galilee and Carnegie had 
become available to hydrographic bureaus. The chart corrections reached a mayimnm 
value of about 1?5 in the region of the Pacific, between Panama and Honolulu, not pre- 
viously covered by these vessels. 

August 5, 1915, the Carnegie started on her long continuous passage to Lyttelton, New 
Zealand. Heavy weather was encountered immediately, and it was impossible to swing 
ship until August 15, just before leaving the Bering Sea. The farthest north was 59° 33'. 
The 180th meridian was crossed on August 13, the date August 14, 1915, being omitted. 
After clearing the Aleutian Islands, the course followed was south practically along the 
165th meridian to New Zealand. On September 6 a terrific hurricane from the southwest 
was encountered. It was necessary to take in all sail and run before the storm, and for 
17 hours a speed of 9 knots was made under bare poles. The vessel stood the strain well, 
but everything was wet on board, the hurricane driving the rain into every crack and 
opening. Wake Island was passed in the morning of September 12. After passing the 
first of the Marshall Islands, it was deemed best to keep pretty well to the east on account 
of prevailing easterly winds and westerly set of the currents. It was necessary to pass 
well to the westward of the Santa Cruz-Solomon Islands passage while near the equator, 
but favorable conditions made it possible to weather the Solomon Islands, the engine 
operating during calms. 
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After passing the. Solomon Islands the Carnegie was driven to the westward by the 
prevailing southeast winds and had to tack twice to avoid the Indispensable Reefs. These 
reefs were passed October 12, and all the islands and reefs in the Coral Sea were safely 
eared. As the Coral Sea was entered, the winds drew somewhat more to the southward 
making it necessary to near the Australian Coast off Brisbane. Good winds were blowing 
across the Tasman Sea, and the light on South Island, New Zealand, east entrance to 
-toveaux Strait, was made early in the morning of October 31. On account of the slow trip, 
it was decided to pass through the strait; just before clearing the east end of the strait 
t sunset, the wind shifted to the southeast, making it necessary to use the auxiliary power, 
fortunately, the engine was in good condition and enough coal was reserved for such an 
emergency. ^Agam,m trying to round Banks Peninsula to enter Port Lyttelton, the wind 
shitted ahead. . With the engine and fore-and-aft sails, however, it was possible to tack to 
advantage against the wind, thus saving a delay of a day or more in entering port. On 
November 3 the Carnegie . entered the harbor at Lyttelton. 

, ,^ P ° n 1 0rlly one occasion during the trip did the engine fail to operate, and the cause 
for this failure was definitely placed. It has proved its value on several occasions and has 
run well. During the cruise, various and unusual currents were noted. The winds 

+ W f r f hgh u and ba .ffl ing i very rarely were the yards braced square for a fair 
wind. The total number of miles on the passage, Dutch Harbor to Lyttelton, was 8,865, 
giving an average of 100 miles per day for 89 days. 

rw ^ ocal ma S n f lc disturbances were noted on September 18 near Marshall Islands, 

° + K Che S e e i ReefS and Islets ’ 0ctober 20 and 21 near the coast of 
i? I** L m F ° Veaux Strait The *™rora australis was seen on the 

f N °I emb t r 1 a “ d 2 » consisting of long beams of white light projected vertically 
from the southern half of the horizon. J J 

Sfn reacbe(i ^ ith 0Yer 6 T tons of coal remaining in the bunkers, 40 gallons of 
kerosene, and 600 gallons of water. It was not necessary to issue a restricted quantity 
of water per day to each man, as all did their best to economize in the use of fresh water 

^1 wT ^ With th ? deck pump > was m P ositi °n ready for use at 

all times. The health of the party was good during the entire trip. 

A stay of 33 days at Lyttelton was necessary for the completion of the observational 

work and compansons at the Christchureh Magnetic Observatory and for the overhauling 

and outfitting of the vessel. During this stay at Lyttelton, as also during the subsequent 

one, the work of the Carnegie was facilitated by certain officials, and by Professors Farr and 

of Canterbury College, and Director Skey, of Christchurch Observatory (PL 19, 

rpi ?«.Ti er -A- tlie L eft Lydtelton for a sub-Antarctic circumnavigation cruise. 

Q 18 TU ldl 1 an y as crossed on December 9, so that date was repeated as December 

,/ ]' , b ? V6SSel a ” lv ®d at Kmg Edward Cove, South Georgia, on January 12, 1916, going 
le ast 24 hours under her own auxiliary power. She again sailed on the 14th, being towed 
out of harbor against a heavy head wind by the steam whaler Fortuna. Icebergs became 
more numerous and fog was almost continuous. However, January 18 was the only day 

6nt ? e ? P T- m ®? utbera waters on which it was impossible to obtain observations for 
the magnetic dechnation. On January 22 the vessel passed along the north coast of Lind- 
say Island about 3 miles offshore. The Carnegie’s track of 1911 to the westward of Australia 

Anril T C lVi n r erS Tv ed f ? ?! det + eimmation of secular c h an ge. Lyttelton was reached on 
April. 1, 1916. This sub-Antarctic cruise, accomplished as far as known for the first time 

! se nson, was made practically between the parallels of 50° and 60° south until the 
neighborhood of Australia was approached, when it became necessary, on two occasions to 

1 7 n0rt b i ?“ ItS lggregate leagth ™> 17,084 nautical mite” 

the time of passage 118 days, and the average day’s run 145 miles. For a more comnlete 

account of this passage, see J. P. Ault’s report, pp. 326-330; also mews on Plate 18. ? 
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After a stay of nearly 7 weeks, the Carnegie again left Lyttelton (PI. 17, Pig. 5) for the 
last time on this cruise, being towed out to sea on May 17 by the tugboat Lyttelton. Light 
head winds and calms were encountered, so the engine was started to gain an offing, running 
all night. For five days the wind held northeast, forcing the vessel well toward the 
Chatham Islands. May 22 was repeated, on crossing the 180th meridian. On May 23 favor- 
able winds were encountered for the first time, and for three days fair winds were enjoyed. 
Then northerly winds and calms made it necessary for the course to be taken westward 
near the Kermadec Islands. On June 1 the wind was again favorable, but thereafter until 
arrival at Pago Pago, it was necessary to sail close-hauled, with northeast to northwest 
winds. Landfall was made with some difficulty on account of the heavy clouds and squalls 
hanging over the island. Observations were carried out as usual during the passage No 
magnetic-declination observations were obtained on May 30 and June 4 on account of 
clouds. Considerable lightning and thunder attended the squally weather The new 
gooseneck on the upper topsail yard carried away on May 27, and was replaced with the 
extra one ordered at Lyttelton. The engine was operated to get offshore when leaving 
Lyttelton, to clear Savage Island during a calm on June 4, and to enter the harbor of Pago 
Pago on June 7. The time of passage was 22 days, with a daily run of 118 miles, for a 
total of 2,595 miles. 

The shore observations having been completed, the Carnegie left Pago Pago on June 19, 
under her own power. The engine operated well, taking the vessel out against a stiff head 
trade wind. The wind was too strong outside to allow making to windward of Tutuila, 
so the Carnegie went around the west end. The Union Group was weathered, but the wind 
broke off to the north of east, compelling the vessel to go to leeward of the main Phoenix 
Group. The wind held north of east, forcing the Carnegie considerably to the westward of 
the route planned; however, the crossings with previous tracks were made at the points 
desired. No storms or calms were encountered. The hot weather was very trying, but 
the party, with two or three exceptions, kept well. Magnetic declinations were obtained 
twice daily, with two exceptions. The average difference, without regard to sign, between 
the results obtained by the two observers at the collimating compass was 3' for the 51 
determinations. This affords some evidence as to the character of the weather and 
conditions encountered. Port Apra, Guam, was reached on Monday, July 17, 1916. The 
total run from Pago Pago was 3,987 miles, giving a daily average of 147 miles for the 
27-day trip. 

At Port Apra, connection was made with the Galilee observations of 1907 and extensive 
intercomparisons of all instruments were made. The Carnegie sailed from Port Apra on 
August 7, bound for San Francisco. The track followed was arranged to cross as frequently 
as possible the previous tracks of the Galilee and the Carnegie, and to obtain additional 
magnetic data in regions where most needed. For 7 days continuous heavy gales were 
encountered from the southwest, making it necessary to heave to for 2 days in succession, 
August 9 and 10. The vessel was thus driven northward and compelled to follow very 
closely the track of the Galilee from Guam to Japan, up to the point where the many tracks 
intersect (see Plate 20). This was the worst spell of bad weather the Carnegie had thus 
far encountered. After August 17, moderate weatherwas experienced. Therewas consider- 
able fog and cloudiness, but, with four exceptions, observations for declination were obtained 
daily. . The engine was operated frequently, for a total of 90 hours, during calms and 
for swinging ship. On August 26, the vessel was swung for intensity and inclination obser- 
vations, both helms. On August 27, a declination swing was started, but after 5 headings 
had been completed clouds prevented further observations. Fog was recorded on 12 
days and rain or mist on 34 days. 

On September 20, the Carnegie was becalmed off the coast of California, so the engine was 
operated, and after a 24-hour run San Francisco was reached on September 21. Fortu- 
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nately, Point Reyes was sighted at 1 o’clock in the morning before the fog closed down. 
Creeping through, the fog until the light vessel was heard, a pilot was taken aboard, and the 
Carnegie made the entrance into the harbor through the fog under her own power. The 
total distance run from Guam was 5,937 miles, the time of passage being 46 days, and the 
average daily run 129 miles. The chronometers were found in error only 8 s 7. 

The total distance covered on Cruise IV, from March 6, 1915, to September 21, 1916, 
was 48,626 miles ; as the time actually at sea was 375 days, the average day’s run was 130 
miles. During this period the Carnegie reached the extreme latitudes of 59° 33 / N . and 
60° 33' S. For further information regarding this cruise, see abstract of log, pages 350-356. 

As heretofore, the Carnegie’s staff is indebted for special courtesies shown at the ports 
visited and for valuable assistance rendered by various persons and officials. 

METHODS OF WORK ON THE CARNEGIE. 

The methods adopted and the principles followed were, in general, the same for 
the scientific work aboard the Carnegie as for the Galilee (pp. 14-16). The chief 
modifications arose from the fact that the Carnegie is a non-magnetic ship and from 
the introduction of certain new and improved instruments. 

The Carnegie was designed with the view of making it possible to place the 
various ins tr um ents in the most advantageous positions possible, and far enough 
apart so that the fundamental principle to have each magnetic element determined 
independently by simultaneous observations with two different instruments, and 
by different observers, could be carried out successfully. The actual positions of 
the instruments may be seen from Figure 13, page 202, and Plate 9, Figure 2. 

To test the question whether at any of the instrument positions there were 
magnetic effects attributable to anything aboard the Carnegie, the vessel was swung 
occasionally both in harbor and at sea, and magnetic observations were made on 
the various headings, as in the case of a magnetic ship like the Galilee. The results 
of these observations will be found tabulated and discussed in the special report 
(pp. 423 et seq.). It will be seen that the conclusion as to the absence of any 
deviation-corrections large enough to be taken in account is well supported. 

There being no troublesome and time-consuming deviation-corrections to 
determine, the computations and derivation of magnetic data were greatly simplified. 
The observers reduced their observations and obtained preliminary results of 
sufficient accuracy for mariners’ purposes within an hour after the completion of 
the observations aboard. Reaching a port, the commander of vessel transmitted 
an abstract of these results to the Office at Washington, where they were mani- 
folded and promptly transmitted to the chief hydrographic establishments. There 
are letters on file from some of these establishments to the effect that they were 
receiving magnetic data from the Carnegie more promptly than they could be 
obtained from their own vessels. 

The observation forms were adapted to the new instruments and were modified 
as experience from time to time suggested. Specimen observations and computa- 
tions will be found on pages 212-231, also on pages 234, 240, and 243-250. 

In order not to expand the present volume unduly, various matters of interest 
pertaining to methods of observation and to instrumental appliances must be 
passed over here and treated in a subsequent volume. 



MAGNETIC INSTRUMENTS USED IN THE CARNEGIE WORK. 

The same general considerations were applied in the designs and construction 
of the instruments for the Carnegie as in the case of the Galilee work (see p. 17). 
With the improved facilities available when permanent quarters at Washington 
were provided, it became possible to investigate, even more thoroughly than 
before, the causes of instrumental defects and to remedy or avoid them in new 
instruments. It also became possible, with the enlargement of the instrument- 
shop equipment and personnel, practically to construct a complete instrument our- 
selves. The standardizing observatory (PI. 21) erected in 1914—15 on the grounds of 
the permanent quarters also added to the facilities for quickly testing an instrument. 

MARINE COLLIMATING-COMPASS FOR MAGNETIC DECLINATION. 

As the result of studies and experiments made by W. J. Peters on the fina.1 cruise of the 
Galilee (see p. 19), a special form of compass, known as the “Carnegie Institution Marine 
Collimating-Compass, ’ ' was devised by W. J. Peters and J. A. Fleming, and constructed 
with great care in the instrument shop of the Department of Terrestrial Magnetism by 
J. A. Widmer, chief instrument maker. 1 This instrument is the standard compass for 
declination observations on the Carnegie; it has been in use since 1909 and is designated Cl. 

Description. 

Many parts of the standard U. S. Navy 8-inch liquid compass, including the binnacle 
have been used in the new instrument. These parts were supplied by the maker s, E. S 
Ritchie and Sons of Boston. Plate 11, Figure 3, gives a general view of the instrument 
mounted in its binnacle. Figure 4 of the same plate shows the original buoyant ellipsoid 
with the card rim removed, and also the magnets and two of the four concave mirrors of 
speculum metal. There are also seen in this figure the four scales, each having nine divisions 
and lying in the focus of the optical system formed by the corresponding mirror and window 
lens. These alterations have changed the weight from 213 grams to 223 grams; that is, 
the mass of the buoyant system has been increased one-twentieth of the original, but the 
radius of gyration and the surface exposed to friction have been decreased so that the period 
of oscillation in Washington is about 11 seconds instead of the usual 14 to 17 seconds. 

The axes of the four optical systems lie in the horizontal plane HPG (PL 11, Fig. 6) 
containing the point of support (the top of the pivot), and are directed to the four points 
of the compass by the action of the system of magnets to which they bear a fixed relation. 
Four windows in the bowl, two of which are shown in section at GG, permit a view of any 
scale after the bowl has once been turned to the proper position. These windows are seg- 
ments of a spherical shell whose center is at the point of support of the optical systems, hence 
the rocking of the bowl or the rotation produced by yawing does not alter the optical con- 
ditions. The angle between a star, the Sun, or any other object and a selected scale is 
measured with a sextant. The four optical systems are provided, so that when the star or 
Sun observed upon is unfavorably located for one system another may be chosen 
The bowl (PL 11, Fig. 1) swings in a perforated gimbal-ring (PI. 11, Fig. 5), which in 
turn is supported and inclosed in a metal cylinder. This cylinder (PI. 11, Fig. 2) is gradu- 
ated on its lower edge so that the windows may be quickly turned to the desired position 
when the course of the ship is known. The whole instrument is painted black, and the scales 
are cut on small blackened silver bars. This arrangement shows the star and the illuminated 
divisions of the scale against a dark background during the observations. 

From the foregoing general description, it will be seen that by the introduction of the 
optical collimating system with scale the observer is enabled to note the arc of motion of 

'The first description of the instrument by W J Peters appeared in Terr Mag , vol 14, pp 17-24, 1909. 
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the magnet system while sighting on the Sun or star, hence he knows precisely to what 
part of the arc the stellar azimuth applies. In brief, practically the same method of obser- 
vation can be used at sea with the marine collimating-compass as on land with a magnetom- 
eter. In the latter case the magnetometer circle is set to some convenient point on the 
magnet scale and then scale readings are taken of the positions of the magnet during the 
interval of observation. The angle is next determined between the circle setting and some 
mark, or the true meridian, and the declination is finally deduced. Similarly, with the 
marine collimating-compass, the angle between the magnet (say, middle of scale) and 
some celestial body, as the Sun, is read with a sextant to the nearest minute of arc at a 
given time, and then, with the sextant still clamped at the same angle, simultaneous read- 
ings of the Sun’s image on magnet scale and of watch are taken. With the aid of the time 
readings, the motion of the Sun during the interval of observation is taken into account, 
and the true azimuths determined, whereas the scale readings give the varying positions 
of the magnet system. 

General Formula. 

In Figure 10, which represents the celestial sphere, stereographically projected upon 
the plane of the horizon, let Z be the zenith of the magnetic station observed at with the 
collimating compass; s the star sighted; NS the astronomic meridian; N'S' the mag- 



netic meridian. Suppose the observer, looking into one of the collimators, sees the scale 
apparently just above the western horizon. This scale is designated by the letter w. Sup- 
pose further that the point of the scale brought into coincidence with the star’s image is to 
the right of the middle scale-division. Now let this point and the middle of the scale be 
projected to the celestial vault, and then to the plane of the projection, at w' and at w, 
respectively. The arc measured by the sextant is then projected to sw'. 



B A C E 



Observing Places on the Carnegie 

1 After observing-dome with sea-deflector inside 2 View of bridge and observing domes 
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Let the following notation be adopted: 

r = the mean of a number of scale readings. 1 
h = the altitude of the star. 
v = the value of one scale division, in degrees. 

m = the altitude of the scale, positive above the horizon, negative below. 
SZS' = NZN' = D, the magnetic declination. 

SZs = A t , the astronomic azimuth of the star. 

S'Zw = A c , constant for the scale in question. 
wZw' — r — 5, the mean of. a number of scale readings, less 5. 
w's — A, the arc measured by the sextant, corresponding to r. 
sZ = 90° — h, the apparent zenith distance of the star. 
wZ = w'Z = 90° — m, the apparent zenith distance of the scale. 
w'Zs = A, the horizontal angle between scale and star. 

The magnetic declination may then be expressed by the equation 

D = A, - [A c + (r - 5.00) y ± A] (1) 

The terms A e and v of this equation are constant for each scale of the instrument. The 
term A is computed from the spherical triangle w'Zs, of which the side w's is directly 
measured, and the sides w'Z and sZ are known from the elevation or depression, m, of the 
scale, and the apparent altitude, h, of the star. The constants to, A e , and v are determined 
at magnetic comparison-stations. The apparent altitude, h, may be observed directly or 
it may be computed. When obtained by observation at sea, it is to be freed from dip of 
the horizon, but if the true altitude is computed, it is to be increased by the corresponding 
refraction correction. 

The angle A, or the azimuthal difference between the scale and star, has been given a 
double sign in equation (1) since the star maybe to the right (+) or left (— ) of the scale. 
It may be computed from any one of the following fundamental formulae of spherical 
trigonometry, in which m may be either positive or negative: 

cos ^ A = V cos (s — A) coss seek sec to 

sin ^ A = V sin (s — to) sin (s — h) seek sec to 

tan^A = V sin (s — m) sin (s — h) sec (s — A) secs 


the 

angle 

a 

(( 

a 

U 

a 

it 

the 

arc 

(t 

u 

a 

({ 

the 

angle 


cos A — 


cos A — sinh sin to 


cos h cos TO 

In the above equations, 2s = A + to + h. If m = 0, they reduce to 


( 2 ) 


(h — A) cos ~ (h + A) sec h 
(A — h) sin ^ (A + h) sec h 
tan ^A = ^j tan^ (A — h) tan^ (A + h) 

cos A = cos A sec h (3) 

Equation (3) is convenient for logarithmic computation, and though the angle is given by 
its cosine, it is sufficiently accurate for five-place logarithms, when A is over 30°, and the 


cos I a== V co 4 


. 1 
sin g 


sin^= J 


l The scale divisions are mentally numbered from left to right, the middle division being 5 
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result is required within 0?02 only. If m is not zero, but less than 1°, then the arc can be 
substituted for its sine, and its cosine can be taken as unity, and (2) may be written 

cos A = cos A sec h — m tan A 
Assuming cos A’ = cos A sec A, we get 

cos A' - cos A = — 2 sin ^ (A' + A) sm~ {A’ - A) = m tan A. 

When A' - A is less than 2°, the arc may be substituted for its sine, and 

A' — A = —m tan h cosec | ( A ' + A) 

This equation will give A! —A by a series of rapid approximations, each one furnishing 
a new and closer value of A'. 

If A and A are nearly equal, it will be expedient to determine the angle A in another 
way, by computing and tabulating the small angle A — A, as follows: (2) may be written 

cos A = sin h sin m -f- cos h cos m cos A 

and we also have 

sinm = m-^ + etc. cos m = 1 - g - etc. 

Let us assume 


_ , v n = a — x ( 4 '\ 

From (4) we obtain ' ’ 

cos A = cos (A — x) = cos A + x sin A -j cos A - ^sin A + etc. 

Substituting the expressions for sin m, cos m, and cos A in the equation for cos A, we have 
f -m 3 


COS A 


+ m sin h - -g- sin h ■+ etc. 


+ cos h cos A + x cos h sin A — — cos h cos A — ~ cos h sin A + etc 

7 \ XTfl? X^W)^ 

— 2 ~ cos h cos A — 7 - A • x m - * • 


cos h sin A + ~~ cos h cos A + etc. 


4 “ 1 4 

and from these we obtain the following general expression for x: 

f g 

— m tan h cosec A — -tan h cosec A — etc. 

2 3 

+ cotA (sec h- O+l-cotA + y— etc. 


X = 


\ m , A 

+ -g- cot A ■ 


xmr 


— etc. 


x = 


rarel^xce e ri°5 rT?S P ? rm ^ u Ual work ’ the Sun is taken so low that A - A 
rapidk convergent ^ should be even smaller; so, in general, the series for x is 

rapidly convergent. Let m and x be expressed hereafter in degrees ; then we have 

— m tan A eosec A -f- 0.00005 m 3 tan h cosec A — etc. 

+ 573 cot A ( sec h ~ 1) + 0.00872 x 2 cot A + 0.00005 x 3 - etc. (5) 

. + 0.00872 m 2 cot A + 0.00015 x m 2 - etc. 

us^ed McSuSl^ K thiS e fP ression Sl ve an approximate value of x, which may be 

r ffi cS, “aC 'wszsgzi * desired - 0rdtaariiy ' tus fct »»*»«“«“ 

A = A — 57.3 cot A (sec A — 1) -f - m tan h cosec A 
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Consider separately the two parts 

— 57.3 cot A (sec h — 1), and + m tan h cosec A 

The first is a reduction to the sextant angle A, which converts it approximately into the 
corresponding horizontal angle. It may be observed that this reduction changes sign as 
A passes from the first to the second quadrant, and referring to the above equation, it 
may be seen that when A is less than (greater than) 90°, the reduction to apply to A in 
order to get A must decrease (increase) the sextant angle A. The second part is a reduc- 
tion to the measured angle A, due to the inclination of the collimator to the horizon. 
Referring again to the above equation, we see that an elevated (depressed) scale requires 
that the value of the sextant angle A be increased (decreased) to get A. 

Introducing these reductions in (1) , we have finally the approximate working formula 

D = A z — \A C + (r — 5.00) v =*= [A — 57.3 cot A (sec h — 1) + m tan h cosec A] } (6) 

Here the upper sign is used for sextant in normal position, and the lower for inverted 
position; that is, for a star to the right and left of the scale, respectively. To facilitate 
the application of this formula, Tables 46 and 47 (pp. 182 and 183) have been prepared. 
The last two terms may be obtained, one directly from Table 46, the other by the aid of 
Table 47, which contains the product of two of the factors, tan h and cosec A. 

In order to investigate the accuracy of equation (5), when terms of higher orders are 
omitted, let it be assumed that a precision in the final result of 0?02 is sufficient, since this 
is closer than the magnetic declination can be determined at sea. For values of h not 
greater than 45°, and values of A not less than 45°, the effect of the third-order terms on 
x can never be greater than 0?02, if x and m do not exceed 4?0. By reference to Table 46, 
it will be seen that under favorable weather conditions, admitting of Sun observations at 
low altitudes, the value of x may be restricted to much less than 4?0 by a judicious selec- 
tion of scales. In a well-constructed instrument the inclination, m, of the collimators 
should not exceed 1?0. Hence terms of the third and higher orders can usually be omitted. 

A preliminary value of the argument x is obtained from Tables 46 and 47, and values of 
terms of the second order may then be taken out of Table 48. 

To illustrate the use of Tables 46, 47, and 48 and also the mutual dependence of 
algebraic signs, the following hypothetical example is given. The values of m are made 
extraordinarily large in order to introduce terms of the second order. 


m = + 2?0 - 2°0 

h = 14 0 14 0 

A = 119 0 119 0 

From Table 46 . . + 0 972 + 0 972 

Factor from Table 47 multiplied by vi , + 0 570 - 0 570 

From Table 48 for m + 0.019 + 0 019 

Table 48 for x = (±0?97 =±= 0?57 ± 0?02, etc) + 0 012 000 


A = 120.57 119.42 


Equation (2), differentiated with respect to A, gives 

, . sin A , 

dA — r = — T d 

cos h cos m sin A 


+ 2?0 
14 0 
61.0 

- 0 972 
+ 0.570 

- 0 019 

000 


60.58 


— 2?0 
14 0 
61 0 
-0.972 
-0.570 
-0 019 
- 0.012 


59 43 


From this and equation (1) it is evident that, for the same values of A, the influence of an 
error in the measured angle A has the least effect on the magnetic declination when the 
star is low. A low altitude is a desideratum not peculiar to this method alone, but also 
to any method of astronomically determining an azimuth from a single star. With usual 
compass-devices consisting of mirror combinations, the error increases with the altitude 
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Table 46 — Values of First-Order Term , 57.3 cot A (sec h—1) 
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Table ±7.— Correction Factor for Elevated or Depressed Scale, tan h cosec A 


A 

o 

K 

< 

1° 

2° 

3° 

4° 

5° 

6° 

7° 

8° 

9° 

10° 

IP 

12° 

13° 

14° 

15°«=A 

A 

o 

90 

85 

80 

75 

70 

65 

60 

55 

50 

45 

40 

35 

30 

0 000 
ooo 
000 
ooo 
.000 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 

0 017 
018 
018 
018 
019 

019 

020 
021 
023 
025 
027 
030 
035 

0 035 
035 
035 
.036 
037 

039 

040 
043 
046 
049 
054 
061 
070 

0 052 
053 

053 

054 
056 
058 
061 
064 
068 
074 
082 
091 
105 

0 070 

070 

071 

072 
074 
077 
081 

.085 

091 

099 

109 

122 

140 

0 087 
088 
089 
091 
093 
.097 
.101 
107 
114 
.124 
136 
.153 
.175 

0 105 
106 
107 
109 
112 
116 
121 
128 
137 
149 
164 
183 
210 

0 123 
123 
125 
127 
.131 
135 
142 
150 
160 
174 
191 
214 
246 

0.141 

.141 

.143 

.145 

.150 

.155 

.162 

.172 

.183 

.199 

.219 

245 

.281 

0 158 
.159 
.161 
.164 
169 
.175 
.183 
.193 
.207 
.224 
.246 
.276 
.317 

0 176 
177 
179 
183 
188 
195 
204 
215 
230 
249 
274 
307 
353 

O 194 
195 
197 
201 
207 
214 
224 
237 
254 
275 
302 
339 
389 

0 213 
213 
216 
220 
226 
235 
245 
259 
277 
301 
331 
371 
425 

0.231 

.232 

234 

.239 

.246 

.255 

267 

.282 

.301 

.326 

.359 

.403 

462 

0.249 

.250 

.253 

.258 

.265 

.275 

.288 

.304 

.325 

.353 

.388 

.435 

.499 

0 268 
269 
272 
277 
285 
296 
309 
327 
350 
379 
417 
467 
536 

o 

90 

95 

100 

105 

110 

115 

120 

125 

130 

135 

140 

145 

150 


Table 48 — Values of Second-Order Terms, 0 00872 x l cot A , or 0 00872 m? cot A 



in a greater ratio than sec h. The azimuth of the star, moreover, depends on the com- 
puted local time, which is subject to errors of the ship’s run. If A t , 8, q, and h represent 
the azimuth, declination, parallactic angle, and altitude of the star, respectively, for the 
hour angle t, at the instant of observation for magnetic declination, we have the well- 
known differential formula of spherical astronomy. 


, . cos 5 cos q , . 

dA, = 

cos h 

from which it is likewise evident that the influence of an error in time on the azimuth is a 
minimum, as far as the altitude is concerned, when the star is in the horizon. If the alti- 
tudes are measured simultaneously with the magnetic-declination observations, an excellent 
check on the azimuth is available through the equation 


cos \a = V cos s cos (s — p ) sec <p sec h 


in which <p and p denote the latitude and polar distance respectively, and s = \ Qi + p + <p) • 
The azimuth obtained from this formula is independent of the local time, and is affected 
only by refraction errors in the low altitude, and by errors in the assumed latitude. 
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Instrumental Constants. 

i ^r 8, P er ^ ec ^ instrument the axes, of the four collimators would lie, two in the vertical 
plane of the magnetic meridian and two m the vertical plane at right angles to it: and all 
our would be m the plane of the horizon. There are mechanical difficulties, however 
which prevent the exact realization of these requirements, and even if the instrument were 
found to be in perfect adjustment, it is questionable whether it would remain so. 

at * ° f f 1 the const f nts ma ^ be made with a non-magnetic theodolite, 

at a station where the exact magnetic declination is known during the operation, together 

Ta Ue t ‘ te , Tertie! * 1 “tensity. Usually at such a station the astro- 

Zlf i TnT - 18 °'™' , T ^ S “* be ' lsed 88 reference Point 

for each scale, provided it is m, or nearly m, the direction of one of the inter-cardinal 

points, in which case it may be seen, unobstructed by the comnass bowl from suv nf 
four portions oeeupied by the theodohte in front of the ’ from any of thc 

four scales. If the view of the mark is obstructed by 
the bowl, another must be selected. 

The compass is mounted on its tripod and oriented 
fully 5 minutes before observations. The theodolite is 
set up on the arm of the compass tripod, placed before 
the selected scale, leveled, and adjusted to sidereal focus 
(see PL 11, Fig. 7); it is then pointed upon the middle 
envision of the scale, with horizontal thread just touching 
the tops of the shorter divisions. If the telescope now 
points symmetrically through the window, the arm is 
firmly clamped, the bowl is gently drummed, and the 
observations begin. Otherwise the arm must be shifted 
for a lateral adjustment and all the footscrews turned 
to produce a vertical adjustment as required. 

, e constants, A c and to, for each scale may be 
determined from the same observations. Observations 
begin with readings on the mark, theodolite direct or 
vertical circle : right, followed by a pointing on each vdsi- 
Ue division of the scale, and a reversal of the procedure 

hSlJI ^ left In the ^ddle of the operation 
5^“° .Pennine to by pointing on the 

reduced to the compact ceutei in Keure by , the tteodolite must be 
theodolite, and mark are shown at C, T and M re*-™ compass, 

tion to determine the constants of aSteS. ThfCc^' ?^ eodolite * * Vod 
south, or approximately the magnetic meridian Let^ epresents tlle direction of “scale 

Jm I|:t 5 £ from ^ — 

= t "SSSSS the scale 

C - the correction to this angle, in minutes of a™ * n j . 

SCM - the a 

re qmrecl at the compass center. 

Then by the formula for reduction to center, 

c , _ d sin STM 
~~D sm V 



(7) 


PLATE 10 





' m i 




General Views of the Carnegie. 
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For the determination of the constants of marine collimating-compass 1 (Cl), the theodo- 
lite is mounted on an arm which may be turned about the vertical axis of the compass (see 
PI. 11, Fig. 7). The distance, d — 28.1 cm., is therefore constant for this particular 
arrangement. If this value be introduced in equation (7), and if D be expressed in kilo- 
meters, the above equation becomes 

, _ 0.97 sin STM 
C D 

It is readily seen that the formula is general, and applies to any scale with the mark in any 
quadrant, and in general the correction is numerically the same with opposite signs for 
opposite scales. 

A specimen of observation and calculation of the constants, A e and m, determined at 
Suva Vou, Fiji, June 15, 1912, for scale south and for scale west, is given on page 186. (For 
a view of shore observations, see PI. 11, Fig. 7.) The observations were made at station 
A simultaneously -with the magnetometer observations at station B. The resulting values 
are 


m — — 1°11 and A c , — + 0?35, for scale south; 
m — +0?59 and A OT = +90°78, for scale west. 

Adjustment of A c . — Where the horizontal angles between adjacent scales have been 
determined independently of the magnetic declination or of the magnetic direction of 
each scale, by simultaneous readings of the two scales with two theodolites which have 
been collimated one upon the other, then the individual determinations of A c for each 
scale serve to determine the A c for all the other scales. The values of A c for each scale 
can then be made to depend upon all the observations of A c for the four scales. 

Before proceedmg to this adjustment, which, by the method of least squares, finally 
leads to very simple expressions, let us first consider the adjustment of the horizontal 
angles betweenadjacent scales when measured with two theodolites, as above explained. 

-k®* > R U > R lv , be the most probable values of the angles between the scales 

E, IN, W, and S, so that the measurements give: 

Ri + v 1 — A„ — A tn + if = R 1 with weight p 1 

R 1 * + v 11 — A m — A„ + if r = R n with weight p n 

Ri n + v m = A cw — A a + f n = R 111 with weight p in 

R 1 : + if v = A ct — A^ + if v — R IV with weight p rv 

We have the condition equation 


360 ° _ (Rl + Rn + R m + R i V) = / +t / r + „r 
The one correlate, Ci, is given by 

360 ° - (Rl -f R 1 / + Ff J + Rl v ) 


Ci = 


and 


v 1 = -j Ci 

V 1 


v 11 


Ac, 


P 




r +tf v 




which are the most probable corrections to R J 0 , R 1 /, R r / r , R 1 /, respectively. 


V 


Ln 

iv 


If p T = p u = p HI = p IV , then 


V 1 =v n = v m = if v = l [360° - (Rl + Rl 1 + Rl” + R z /)] 

The angles R , R r , R IZI } R IV remain constant if no structural changes take place in 
t e optical systems, but the constants A a , A m , A m , and A x are subject, each equally, to 

changes that may occur in the direction of the magnetic axis of the system of parallel 
magnets 
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Determination of Constants for Marine CollimaUng-Compass, 

f£odoktl &Y ° n Date: June 15, 1912 

Chron’r: 256 Ma ° n r: 4 at 8ta B 


Cl 

Obs’r: H M. W E. 
Rec’d’r: W. J P 


I. Scale South 


Scale Div 4, Ver Cir R 

« « 5 a « R 

« « a « p 

" “ l: “ « ? 

« « K U u t 

“ - 4; « « L 

Mean Scale 
Mark, Ver Cir R 
“ « « L 

Mean Mark Reading 
Mark less Mean Scale 
Reduction to Center 
Reduced Angle =* a 


Astronomic Azimuth of Mark 
Magnetic Declination (D) 
Magnetic Azimuth of Mark = b 
~ b — a 


Horizontal Circle 


Ver A 


359 04 50 

360 02 40 

361 01 10 
181 02 20 
180 03 20 
179 04 40 


315 47 20 
135 47 00 


B 


05 00 
03 00 
01 10 
02 10 

03 30 

04 20 


Means 


47 20 
47 20 


359 

360 

361 
181 
180 
179 


04 9 
02 8 
01 2 
02 2 

03 4 

04 5 


0 03 2 
315 47 3 
47 2 


315 47 2 
315 44 0 
-0 2 

315 43 8 

326 27 8 
-f 10 22 8 

316 05 0 
+21 2 

(+0?35) 


Vertical Circle 


Ver A 


178 59 50 
1 13 00 


B 


59 00 
11 30 


Means 


-1 00 6 

-1 12 2 


Beginning 

Ending 

Mean 

Corr'n 256 on L. M T. 
Local mean time 


-1 06 4 
(-1°11) 


Time 


h 

10 


m 

24 

33 


10 


28 

-12 


10 16 


Remarks 


Mark distant, 3 km 
D at A by Stand , +10° 22' 8 
Instrument drummed 
Window 1 


II. Scale West 


Scale Div 4, Ver Cir. R 


5, “ “ R 

« « A « (t p 

“ - t: “ » l 

“ “ 5, “ '< L 

“ “ 4, “ “ L 

Mean Scale 

Mark, Ver Cir R 
“ “ “ L 

Mean Mark Reading 
Mark less Mean Scale 
Reduction to Center 
Reduced Angle = a 

Astronomic Azimuth of Mark 
Magnetic Decimation (Z>) 
Magnetic Azimuth of Mark = 
"cto ** 5 ■ — a 


Horizontal Circle 


Ver A 


89 25 00 

90 26 50 

91 29 30 
271 30 30 
270 29 00 
269 27 00 


315 47 10 
135 46 30 


B 


25 

20 

89 

25 

2 

27 

00 

90 

26 

9 

29 

40 

91 

29 

6 

30 

30 

271 

30 

5 

29 

20 

270 

29 

2 

27 

00 

269 

27 

0 


47 00 
47 00 


Means 


90 28 1 


315 47 1 
46 8 


315 46 9 
225 18 8 

-0 2 
225 18 6 

326 27 8 
+10 22 2 

316 05 6 
+90 47.0 
(+90?78) 


Vertical Circle 

Ver. A 

B 

Means 

O / H 

180 48 00 
359 37 30 

/ u 

48 00 
36 00 

o / 

+0 48 0 
+0 23 2 



+0 35 6 
(+0?59) 



Time 

Beginning 

Endmg 


h m 

10 46 

56 

Mean 

Corr’n 256 on L M.T 

10 51 

-12 

Local mean time 

10 39 

Remarks 

Mark distant, 3 km. 

D at A by Stand , +10 e 
Instrument drummed 
Window 2 

*22' 2 
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Let /, i/ 1 , v m , and v IV be the most probable corrections to the independently 
observed values A a , A cm , A m , and A„, respectively, of the scale constants. Placing 

A* A m R 1 = n 1 A m — Acu — R 11 — n ir Aon — A a — R rir = n 111 

the equations of condition are 

v IV — v m + n 1 = 0 v UI — v 11 +n u - 0 v 11 — v 1 + n m = 0 

Assigning to A a one-half the weight of the others, since “scale east” for this particular 
instrument is slightly out of focus, the adjustment gives 

v 1 =+0 143 n 1 +0 . 429 n 11 +0 714 n m v m = +0 . 143 n 1 -0 571 n n -0 286 n m 

v 11 = +0 143 n 1 +0 429 n 11 -0 286 n m v IV = -0 857 n J -0 571 n TI -0 286 n UI 

The numerical coefficients of n l , n JI , n m will always be the same for the above assigned 
system of weights. 

When equal weights are assigned to the four scales, the adjustment gives 

/ = +0.25 n 1 +0.50 n 11 +0 75 n m v m = +0 25 n 1 -0 50 n 11 -0.25 n m 

v 11 = +0.25 n 1 +0 50 n 11 -0.25 n m v IV = -0 75 n 1 - 0 50 n 11 -0 25 n m 

which are the most probable corrections to the observed values of A a , A cw , A c „, and A a , 
on this assumption. 

In Table 49 are tabulated the observed values of A c during the first and second cruises 
of the Carnegie and the adjusted values resulting from taking R T = 90?209, R u =89?601, 
R m = 90?339, and R IV = 89?850. These values of R 1 , R IT , R m , and R IV were determined 
at Rio de Janeiro in December 1910, and at Antipolo in February 1912, by usin g two 
theodolites. From October 1910 to January 28, 1914, the observers drummed the instru- 
ment lightly with the fingers, to overcome the frictional resistance of the pivot. 


Table 49. — Observed and Adjusted Values of A c 


Date 

Station 

Observed Values of A e for Scale 

Adjusted Values of A c for Scale 

Remarks 

S 

W 

N 

E 

S 

W 

N 

E 

1909 


0 

0 

0 

0 

0 

o 

0 

0 


Jan 27 

Washington 

0 40 

90 50 

180 40 

270 36 

0 32 

90 66 

180 26 

270 47 


July 26 

New Y ork, Bro nx 

0 38 

90 58 

180 45 

270 49 

0 37 

90 71 

180 31 

270 52 


Oct 25,29 
1910 

Falmouth 

0 42 

90 70 

180 48 

270 45 

0 42 

90 76 

180 36 

270 57 


Jan 14,18 

Bermuda , . 

0 36 

90 56 

180 36 

270 44 

0 33 

90 67 

180 27 

270 48 


Mar 9,10 

New York, Bronx 

0 41 

90 67 

180 38 

270 46 

0 38 

90 72 

180 32 

270 53 


June 13 

Greenport 

0 32 

90 71 

180 36 

270 39 

0 35 

90 69 

180 29 

270 50 


Aug 2 

Vieques 

0 46 

90 76 

180 38 

270 56 

0 44 

90.77 

180 38 

270 58 


Oct 4 

Pmheiro 

0 36 

90 63 

180 32 

270 44 

0 34 

90.67 

180 28 

270 48 

Instr. drummed 

Dec 12 
1911 

Rio de Janeiro 

0 36 

90 66 

180 31 

270 49 

0.35 

90.69 

180 29 

270.60 

Do. 

Jan 24 

Pilar 

0 33 

90 64 

180 33 

270 49 

0 34 

90 68 

180 28 

270 49 

Do 

Mar 30 

Cape Town 

0 36 

90 68 

180 29 

270 46 

0.34 

90 68 

180 28 

270 49 

Do 

June 19 

Colombo . 

0 37 

90 68 

180 29 

270 47 

0 35 

90.69 

180 29 

270 50 

Do 

Nov 10 
1912 

Batavia 1 

0 33 

90 67 

180 26 

270 48 

0.33 

90.67 

180 27 

270 48 

Do 

Feb 27 

Antipolo 

0 40 

90 77 

180 32 

270 53 

0 40 

90 74 

180 34 

270 55 

Do 

June 15 

Suva Vou 

0 35 

90 78 

180 33 

270 53 

0 39 

90 73 

180 33 

270 54 

Do 

Sept 26 
1913 

Papeete 

0 38 

90 74 

180 33 

270 55 

0 39 

90 73 

180 33 

270 54 

Do 

Feb 10 

Port Stanley 

0 33 

90 70 

180 27 

270 52 

0 35 

90 68 

180 28 

270 49 

Do 

May 5 

Jaburu, Bahia. 

0 43 

90 79 

180 34 

270 58 

0 43 

90 77 

180 37 

270 58 

Do. 

July 15 

Longwood 2 . . 

0 41 

90 73 

180 27 

270 79 

0 37 

90 71 

180 31 


Do 

Sept 15 
1914 

Falmouth 

0 33 

90 70 

180 29 

270 55 

0 35 

90 69 

180 29 

270.50 

Do 

Jan. 28 

Washington . , 

0 36 

90 73 

180,27 

270 55 

0 37 

90 71 

180 31 

270 52 

Do. 

Means. . 

* * * * 

* * 



• * 

0 37 

90 71 

180 31 

270 52 



Rejected m mean because of weak station-difference. Observed value of E scale rejected 
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. v - — The value v of one scale division is obtained from tbe theodolite pointings on the 
various divisions. In a well-constructed instrument it should be so nearly 1 degreee that 
for a fraction of a degree it may be taken as unity. This offers the opportunity of saving 
one step in the sea calculations. It is, however, most important that v remain constant 
throughout any one scale. 

m • The inclination of each scale is determined independently, but for opposite scales 
the values are connected by the relations 

(90° - m.) + (90° - m n ) = R{ (90° - m w ) -f (90° - m e ) = R 1 / 

or 

m s + m n = 180° - R{ + ?*„ = 18 o° _ R 1 / 

where Rf and R 1 / are constant, so long as there are no structural changes in the optical 
systems. They also may be determined by simultaneous observations with two theodolites. 

From simultaneous^ measurements made with two theodolites at Antipolo, March 
1912, the following relations were established: 

m. + m n = + 0?18 m e J rm w — + 0?40 

The values of m e and m w are constant. The values of m s and m n change with varying 
values of the vertical component Z of the Earth’s magnetic field. The relation to Z is 
deduced from observations, and appears to be expressed by the linear equation 

m = a + cZ 

Then, for each station there is an observation equation of the form 

a + cZ = m s 

and, on account of the relation 

m s + m„= +0?18 

another, thus: 

a + cZ = +0?18 -m„ 

Writing m sn for \(m s +0?18 — m»), the above two observation equations may be written 
as a single equation as follows: 

a + cZ = m sn 

The adjustment may then be made with a single equation for each station. 

The adjustment for the first and second cruises of the Carnegie gives 

m, n = m,=- 0?75 + 1?27 Z 

and from the relation m, + m n = +0?18, there results 

m» = H- 0?93 - 1?27 Z 

The observed values of m sn , and the values computed from the above are given, together 
with their differences, in Table 50. The values of m, and m w , after having been adjusted 
to the condition of m e + m m = -f 0?40, are hkewise found in the table; their mean values 
are also given, smce m n and m, do not vary with Z. 

A word of caution may not be out of place regarding determinations of all constants 
of this compass, but particularly for R 1 , R n , R™, R T7 } R\, R\f The instrument should 
be smelded from the direct rays of the Sun, which, by heating certain parts unequally, may 
cause small displacements that may be magnified many times through the optical system. 

Ihe bowl should be drummed just before making each pointing on the scale, to overcome 
friction at the pivot. 
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Marine Collimating-Compass (the Carnegie’s Standard Compass), 

1 Compass bowl 4. Magnets and collimating systems 

2 Cover cap and mounting 5- Compass bowl and gimbal ring 

3 Decimation observations at sea 6. Vertical section through compass 

7 Shore observations at Colombo, Ceylon 
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Table 50. — Values oj the Scale Inclinations , m. 


Date 

Station. 

j m »n 


m e 

Obs’d 

Comp'd 

o - a 

1909 


o 

0 

0 

o 

0 

Jan 27 

Washington 

-0 10 

-0 03 

-0 07 

40 40 

0 00 

July 26 

New York, Bronx 

-0 08 

-0 02 

-0 06 

40 37 

40 03 

Oct 25,29 

Falmouth 

-0 19 

-0 20 

40 01 

40 38 

40 02 

1910 







Jan 14, 18 

Bermuda 

-0 08 

-0 10 

40 02 

40 41 

-0 01 

Mar 9, 10 

New York, Bronx 

+0 01 

-0 02 

40 03 

40 41 

-0 01 

June 13 

Greenport . 

-0 02 

-0 03 

40 01 

40 48 

-0 08 

Aug. 2 

Yieques . . . 

-0 33 

-0 31 

-0 02 

40 44 

-0 04 

Oct 4 

Pmheiro . 

-0 55 

-0 59 

40 04 

40 48 

-0 08 

Dec 12 

Bio de Janeiro . 

-0 84 

-0 83 

-0 01 

40 47 

-0 07 

1911 







Jan 24 

Pilar 

-0 92 

-0 90 

-0 02 

40 49 

-0 09 

Mar. 30 

Cape Town . 

-1 14 

-1 14 

0 00 

40 51 

-0 11 

June 19 

Colombo . 

-0 79 

-0 78 

-0 01 

40 53 

-0 13 

Nov. 10 

Batavia 

-1 04 

-1 03 

-0 01 

40 56 

-0 16 

1912 







Feb 27 

Antipolo 

-0 60 

-0 61 

40 01 

40 61 

-0 21 

June 15 

Suva You . 

-1 09 

-1 10 

40 01 

40 60 

-0 20 

Sept 26 . . 

Papeete 

-1 02 

-0 99 

-0 03 

40 55 

-0 15 

1913 







Feb 10 

Port Stanley 

-1 07 

-1 09 

40 02 

40 54 

-0 14 

May 5 

Jaburu, Bahia 

-0.72 

-0 76 

40 04 

40 56 

-0 16 

July 15 

Longwood . 

-1.00 

-0 97 

-0.03 

40 57 

-0 17 

Sept. 15 . 

Falmouth. . . 

-0 14 

-0 20 

40 06 

40 58 

-0 18 

1914 







Jan 28 

Washington . 

-0.02 

-0 04 

40 02 

40 50 

-0 10 

Means . 

• 

* 

* 

• 

40 50 

-0 10 


Method of Sea Observations. 

If the instrument has just been mounted, or if the vessel has changed her course since 
the last observation, the cylinder is oriented some 5 minutes before observations, so as 
to avoid producing currents in the liquid by a sudden or large turn of the cylinder at the 
beginning of the observations. Determinations at sea may be made by one observer, 
assisted by one recorder (see PL 11, Fig. 3). But it is desirable to have another observer 
to measure the altitude of the object sighted in the middle 
of a set of 10 or 11 readings, and some one to keep the 
cylinder oriented when the vessel yaws more than 2°. 

Figure 12 represents a projection of a scale upon a 
plane perpendicular to the collimator axis, so that, if held 
in a vertical position at arm’s length in the direction of 
the selected cardinal point, it would give a fair perspec- 
tive of the scale. As the sextant is rotated about its 
line of sight, the star’s (Sun’s) image is seen in successive positions indicated by the 
circles. A rapid swing to and fro through a small arc, by persistence of vision, produces 
a bright line or bar, so that the scale can be read at any instant, even when its motion is 
quite rapid, provided, of course, that it is not lost to view. Herein lies the difficulty for 
the novice, especially if there is much rolling or pitching. But, having once acquired the 
skill necessary to preserve a continuous view of the scale, he has no difficulty in projecting 
the image of the star upon it, by rotating the sextant as above described. 

The star’s (Sun’s) image is observed for one or two oscillations to determine mentally 
the amplitude It is then quickly moved by the index arm so that it oscillates to equal 



Fig. 12 
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distances on each side of the middle or long mark. The scale value is thus practically 
eliminated. Care is taken to read along the upper portion of the scale, since the inclina- 
tion, m, is determined for an imaginary line just touching the upper ends of the small 
divisions. This becomes more important as the star’s (Sun’s) altitude increases. In 
Figure 12 the correct reading is 4.5, whereas the reading 4.0 at the bottom of the scale would 
be erroneous. The observer should shift his eye and the sextant so as to keep the middle 
division in the center of the mirror. The Sun’s image is kept close to the edge of the silvered 
portion of the horizon glass of the sextant. 

It may be noted that, since opposite scales are so nearly 180° apart in any plane com- 
mon to both, the star’s (Sun’s) image for the second observation may readily be found by 
setting off the supplement of the sextant reading of the first observation, providing opposite 
scales are used. If opposite scales are employed symmetrically in a series of observations, 
constant errors of the sextant are eliminated, as may be seen from equation (6), since, by 
convention, A is positive for one scale and negative for the other. 

A “set” consists of 10 or 11 readings of the scale, taken at extremes of the oscillations, 
or at precisely equal intervals of time. The observer calls out “mark” at each reading, 
and the time is noted. During a “set” the index arm or screw is not touched, so that the 
sextant reading corresponds to the mean of the set. The observer “standing by” to 
measure altitudes notes the altitude at the fifth or sixth reading, or between the fifth 
and sixth, according to the proposed number of readings. (See PI. 15, Fig. 2.) 

Specimens of observations and computations are given on pages 213-215. 

SEA DEFLECTOR FOR MAGNETIC HORIZONTAL INTENSITY AND DECLINATION. 

Early in 1905, in order to supplement the sea dip-circle for obtaining magnetic intensi- 
ties at sea, a deflecting apparatus was devised by L. A. Bauer which could readily be 
attached to an ordinary liquid compass, and make possible the direct determination of the 
magnetic horizontal intensity, as well as of the magnetic declination. 1 The “sea deflector” 
has been used throughout the ocean work accomplished on board the Galilee, 1906-1908, and 
on the Carnegie, 1909-1916. The following paragraphs briefly describe the instrument in 
its later improved forms as used on the Carnegie, and as constructed in the Department’s 
instrument shop, under the direct supervision of J. A. Fleming, who is responsible for many 
of the improvements. The special requirements of the instrument were simplicity of 
construction, of observation, and of computation, and availability both for observations 
of declination and horizontal intensity. The earlier forms of the instrument used in the 
Galilee work will be found described on pages 24-26. 

Declination Observations. 

As a check upon the declination results with the standard compass, the sea deflector, 
while designed chiefly for horizontal-intensity observations, has been steadily improved, 
so that with it good declination values also may be obtained. This has been accomplished 
by constructing the compass part of the deflector practically ourselves and embodying 
the improvements described later. Three instruments of this type (D3, D4, and D5) 
have been successively constructed in the Department’s instrument shop, and supplied 
to the Carnegie. The instrument in its final form is no longer a mere attachment to a 
compass supplied by mercantile makers, but is now entirely a distinctive product of the 
Department of Terrestrial Magnetism. Had the original name, “sea deflector,” not 
already been used, it might now be more appropriately termed a “sea magnetometer,” as 
with it both the magnetic declination and the horizontal intensity are determined at sea. 

^or first descriptions of the instrument, see articles by L A. Bauer and J A Fleming m Terr Mag , vol 11, pp 78-83, 
1906, vol 14, pp 167-169,1909; vol 18, pp 57-62, 1913 See also this volume, pp. 24r-26 and 191 
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Descriptions of the Various Sea Deflectors. 

Briefly described, the sea deflector is an application of the sine-deflection method for 
the determination at sea of horizontal intensity. The deflecting magnet, instead of being 
mounted in the same horizontal plane with the deflected magnet and off to one side, for 
example, to the east or to the west, as in most forms of land magnetometers, is mounted 
vertically above the center of the deflected magnet-system, or compass-card. The mechan- 
ical details are such that, when the sighting device is set upon the north or south point 
of the compass card in equilibrium, the deflecting magnet is at right angles to the north-and- 
south diameter of the compass (assumed to define the magnetic axis of the card), and 
hence the principle of the simple sine-deflection method is secured. The method of 
observation is such that double deflection-angles are observed. Designating the single 
deflection-angle by u, the value of horizontal intensity, H, is obtained by means of the 
formula 

H = 

sin u 

where m is the magnetic moment of the deflecting magnet at the time of the observation, and 
C is a function of the deflecting distance and its changes with temperature and of the 
induction and distribution coefficients. In practice the value of mC is determined at every 
port visited, simultaneous observations being made ashore with the sea deflector and the 
standardized land-magnetometer belonging to the ocean outfit. Two deflecting distances 
are used, as also two different magnets, to eliminate, as far as possible, uncertainties in the 
values of mC . The shore observations also supply the data necessary for the determination 
of the temperature coefficient. From a series of such port observations, the results being 
reduced to some standard temperature, as for example, 20° centigrade, the change in the 
value of mC with time and magnetic field are determined. (See pp. 236-241.) 

The sea deflectors as used have been intended primarily for the determination of the 
horizontal intensity, but to provide desired checks on the declination results with the 
standard compass they have been equipped with azimuth devices so as to permit mating 
declination observations also. In the original instruments used on the Galilee, the Ritchie 
or the Negus standard azimuth-attachments were used for this purpose, but in the later 
types, constructed by the Department, simpler and more readily controllable azimuth 
devices were introduced. 

The liquid type of compass has been used for all the deflectors, the liquid acting as a 
damping device and thus rendering it possible to make settings with great rapidity. The 
type of deflecting magnet now used, and selected after numerous experiments with various 
shapes and styles, is of cylindrical form, similar to those used by the Department in some 
of its magnetometers. 

The instruments thus far constructed may be divided into two types, viz : A, the type 
in which the deflecting-magnet supports are carried on a frame-work rotating on the com- 
pass bowl and deflection angles are read directly on the card graduation; B, the type in which 
the deflecting-magnet supports form a permanent attachment to the bowl, the bowl itself 
being rotated when settings are made and the angles being read by vernier on a graduation 
made on the edge of the bowl. To date five of these instruments have been constructed, 
designated, respectively, Nos. 1, 2, 3, 4, and 5. 

Sea deflectors 1 and 2 . — These were of the type A and in general along the same li n es 
of construction. For descriptions and illustrations, see Galilee work, pages 24-26, and 
Plate 5. This type has been superseded by No. 3. 

Sea deflector 3 .—' This instrument (PI. 12, Fig. 1), used on the Carnegie during the 
whole of her first cruise, 1909-1910, and on her second cruise, 1910-1911, as far as Cape 
Town, South Africa, is of the type B; it was designed and constructed by the Department, 
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the improvements introduced being based on the experience obtained with deflectors 1 
and 2 on the Galilee’s cruises. The first instruments had shown some inherent defects 
caused chiefly by the fact that navigation compasses already on hand had to be used. 1 he 
improvements in No. 3 were along lines similar to those introduced m No. 4, differing m 
detail as indicated in the following description of the latter instniment. 

Sea deflector 4 .— Additional experience showed that it would be preferable to make the 
observations with deflecting magnet both above and below the card, that the graduation 
ordinarily found on even the best of compass cards was not as good as was desirable, and 
that a continuous graduation from 0° to 360° would prove advantageous. Furthermore, 
the varying conditions of temperature encountered in ocean work and the accompanying 
uneq ual expansion of the various instrumental parts caused at times a, sticking or binding 
of the bearing surfaces, thus making it hard to secure accurate settings. To overcome 
these difficulties sea deflector 4 was designed and constructed by the Department, this 
instrument is shown in Plate 12, Figures 2-9. It will be described in detail, as it is the 

type used on board the Carnegie since 1911. , , 

It differs from No. 3 in that there are now two standards or deflecting arms, so that the 
magnet may be mounted either above or below the compass card. Each standard has 
provision for 4 corresponding deflection distances. These deflection distances are approxi- 
mately the same as were those in No. 3, viz, 172, 182, 192, and 201 mm. The upper 
standard, with the exception of the clamping device for holding the deflecting magnet m 
position, is made in one piece and so designed that it also serves in a general way to protect 
the sight vanes used in connection with the declination work. For avoiding parallax, two 
pieces are attached to the upper deflection standard, having “V” cuts placed centrally 
with the line of sight of the vanes. (See PI. 12 , Fig. 4.) . 

The card graduation for this instrument (see PI. 12, Pigs. 7 and 9) is made on German 
silver, and is continuous from zero at the magnetic north point in a clockwise direction, as 
seen from above, through 360 degrees, the least count being 1 degree. Every 10 -degree 
graduation is numbered, thus, 1, 2 , 3, 4, etc., to 35. The 5 -degree graduations are dis- 
tinguished by somewhat greater length than single-degree graduations. The diameter of 
the graduation of the card is 178 mm. The surface of the compass magnets and of the 
brass flange carrying the graduated circle, as well as the graduated surface, have all been 
silver-plated and made black, so that the graduations stand out as white lines against a 
black background. The bottom of the inside of the howl has also been blackened, but the 
sides have been left with the bright silvered surface in order to provide, by reflection, 
suitable illumination for the graduation. The north point of the card has been marked by 
an arrow on the brass surface of the supporting flange and the other cardinal points have 
been marked by means of straight lines. As in the case of No. 3, the rim of the bowl is 
graduated into 1 -degree intervals, every 10 -degree graduation being numbered; two 
verniers are provided which permit reading to 071 and estimation to 0°05. The diameter 
of this graduation is 248 mm. 

The bowl, as in the case of No. 3, has a cone bearing in its inner gimbal-nng. In 
order, however, to effect greater ease of motion and, secondly, accuracy of setting, a ball 
bearing is provided, the adjustment of which is such that the cone surfaces are used for 
centering purposes, while the balls carry the weight of the instrument. The detail of this 
bearing is shown in Plate 12, Figures 5 and 6 . Directly over the knife-edge supports of 
the bearing ring are two pinions with milled heads, which may he used in finer setting of 
the bowl, the rack for this motion being fastened to the under side of the graduated rim. 
A single clamp is provided for clamping the bowl in its bearing; this clamp, however, is 
not for use in the sense of a slow motion in connection with the rack, but is merely provided 
to hold the bowl in position when necessary, and for use with the device for measuring 
angles between prominent objects when entering or leaving a harbor. 
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The Carnegie’s Sea Deflectors Nos. 3 and 4, 1909-1916 

1 Sea deflector No 3 5 Compass bowl of No 4 

2 Sea observations with No 4 6 Ball bearing ring of No 4 

3 Sighting device of No 4 7 View of compass card of No 4 

4 Top view of No 4 8 Bowl and pivot of No 4. 

9 Metal card and compass magnets of No 4 
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The arrangements for declination work with No. 4 are in general similar to those of 
No. 3. A long slit is provided for bright-line work, this mounting being set at an angle 
of about 55°; a sighting wire is also added for use in mark readings and for decimation work 
by the shadow method. A universal level is mounted at the center of the glass surface of 
the bowl and supported by means of arms attached at the side. In case the level is broken, 
the arrangements are such that it may be quickly removed and another put in its place. 
When the Sun is sighted upon for determining the magnetic declination, a sharp, bright 
line is thrown through the slit of the inclined vane upon the surface of the glass and a 
setting is made by shifting the bowl so that this bright line coincides with a central line 
etched on the glass, the card reading being made simultaneously. When the Sun is too 
low for the bright-line method, direct observations on the Sun may be made by sighting 
through the inclined vane-sight, using shade glasses as necessary. The shadow of the wire 
of the second vane is also sometimes used. In order to facilitate using either the bright- 
line method or shadow method at lower altitudes than was possible with No. 3, two ground 
glasses have been mounted in the frame carrying the level on which lines are etched and 
suitably adjusted, so that, when the instrument is level, they are in the vertical plane 
through the sights and the etched line on the surface of the glass. 

Two cover plates, not shown in Plate 12, are provided for use with the instrument when 
required. They are mounted on either side of the level support, their purpose being to cut 
out any troublesome reflections from the glass surface; it was not generally necessary to 
use them, however. In order that the reflection of the opening of the wire sight may be 
cut off from the glass surface and not interfere with the direct reading of the card, a metal 
slide was added; there is also attached to the level-supporting frame a shield in such a 
position that the image of the slit of the bright-line vane will not interfere with the reading 
of the card when using the bright-line method. 

For measuring angles between prominent objects when entering a harbor, for example, 
there is a sighting ring for which a suitable bearing has been provided in the upper part 
of the bowl. Figure 3 of Plate 12 shows this sighting device as mounted for use. Two 
opposite sides of this ring are partially cut off in order that it may be easily mounted or 
dismounted, and a reading prism is attached by means of which the card may be read simul- 
taneously with the sighting of the mark. The two vanes of this device are inclined in 
order that there may be no interference with other parts of the instr um ent. 

The double-deflection distances are, respectively, 344, 364, 384, and 402 mm., the 
bearings for the deflection magnet being such that the corresponding deflection distances, 
above and below, will be the same, as nearly as possible. Owing to the lack of symmetry 
of the card magnets and impossibility of alining them absolutely under the condition of 
soldering necessary in construction, the actual, equivalent vertical eccentricity of the card 
magnets, with reference to the deflection distances, appears to be of the order of 3 mm. 

Sea deflector 5 . — This latest form of sea deflector was also constructed m the Depart- 
ment’s instrument shop; it was supplied to the Carnegie at Port Lyttelton in April 1916. 
While similar in design and construction to No. 4, it contains the following improvements, 
suggested in part by the observers: 

(a) The compass magnets are solid bars of tungsten steel, carefully magnetized by 
the methods used for the magnets of the Department’s land magnetometers; (ft) the 
matter of centering and mounting of the compass magnets is executed with special regard 
to accurate adjustment and balancing of magnet-system; (c) the lubber-lines are in black 
on the polished-silver reflecting surface; (d) the surface of the graduated German-silver 
circle is in the same plane as the pivot point (in No. 4 this plane is 1.7 mm. above the pivot 
point) ; (e) the filling cap is on the side instead of below, as is the case in No. 4, thus making 
it possible, in emergency, to fill the bowl without removing either deflecting-magnet 
standard; (J ) two sliding shades have been provided for the sighting vane L2; (g) the 
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sighting vane LI has been provided with arrangements for two slides, one for the piano- 
parallel glass with reference line, and the other for the color-glass shade, (h) the vertical 
ground-glass pieces with reference lines for the azimuth work are mounted by clamps 
instead of, as in No. 4, by screws, thus permitting a more permanent adjustment, and 
eliminating the danger of breakage occasioned by drilling of glass plates; (i) the line of 
reference on the cover plate is white instead of black, as for No. 4. (For views of No. 5, 
see PL 13.) 

Scheme of Horizonta iMn tensity Observations. 

In the following scheme of observations for horizontal intensity, the deflection dis- 
tances, in the order of increasing magnitude, are designated for the upper standard as 
TJ1, U2, U3, and U4; for the lower standard they are similarly, LI, L2, Lib and L4. For 
distances 1 and 3, the sight line is L2 to 180° and L2 to 0°, and for distances 2 and 4, L2 to 
270° and L2 to 90°. Observations for horizontal intensity are made in general by using 
two deflection distances, for example, U1 and Id together with U3 and L3. The scheme 
for distances 1 and 3, comprising 16 positions, will illustrate the general method of observa- 
tion. Prom the readings there results a value of the deflection angle, u, for each distance, 
outstanding defects of instrumental adjustments being eliminated, as well as possible, by 
the scheme of observation. For each position there are taken as many readings as circum- 
stances require, for example, 5, in the sea work. 
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Readings of the ship’s heading on a reference compass (see p. 203) lire made by a 
second observer, simultaneously with each deflector reading. These compass readings 
are, of course, necessary only for observations at sea, not on land, their purpose being 
merely to determine the changes in ship’s heading during deflector observations. 

The scheme of observation is similar for distances 2 and 4, using the sights stated 
above. The times of beginning and ending for each distance, as well as the temperatures, 
are recorded. lor low values of II, the longer deflection-distances are used. 

In order to avoid any drag of the magnet card, 2 full minutes arc allowed at the begin- 
ning of observation for each magnet (not distance) after the magnet is in position, as also 
e ween each reversal of sights and bowl ; a full minute is allowed between all other positions. 

lhe minimum time required for a half set, from the beginning of reading to the end, is 
about 8 minutes, but in general, making allowance for interruption and repetition, about 
iu mrnutes are required. All possible precautions are taken against setting up motion of 
tne liquid in the bowl by shaip reversals of sights and bowl, as well as to avoid lifting the 
car o the pivot by the action of the deflecting magnet during reversal of the bowl, the 
e ec mg magnet being removed during such reversals and held sufficiently far away to 
lave no e feet, lhe complete set, using two distances, with repetitions of readings, as may 
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The Carnegie’s Sea Deflector No 5, 1916 

1 General view with deflecting magnet mounted 3 Top view showing level and card 

2 View showing standards and sighting vane 4 Carrying case 
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be required by the conditions of sea, is made to extend over nearly an hour’s time, fin ri n g 
which simultaneous dip and intensity observations are made in the forward observatory with 
the sea dip-circle. The sea deflector is mounted in the after observatory. Plate 12, Figure 2, 
shows observations being made with the instrument mounted aboard the Carnegie. 

A specimen of sea observations and of computations will be found on page 217. For 
-specimen illustrating the determination of instrumental constants at shore stations, see 
page 240. 


SEA DIP-CIRCLE FOR INCLINATION AND TOTAL INTENSITY. 

The modified form of sea dip-circle, described in connection with the Galilee work 
(pp. 21-23), was used throughout the cruises of the Carnegie, 1909-1916. Anew, rever- 
sible gimbal-stand, however, on which the sea dip-circle is mounted, was designed and the 
new portions were constructed in the instrument shop of the Department (for description, 
see pp. 196-197, and PI. 14, Fig. 5). The new stand was installed on the Carnegie during 
Cruise II, at Tahiti in 1912. With this stand, the effect of any lack of level of dip circle 
during observations may be more effectively eliminated or minimized than previously. 
Before the introduction of the new stand, as well as since, the same precautions were taken 
to control level of dip circle as were observed in the Galilee work (see p. 22). For views 
of the sea dip-circle used, see Plate 4, Figure 3, and Plate 14, Figure 1. 

Both deflection distances, as provided in the modified sea dip-circle, have proved avail- 
able for all the Carnegie cruises, with the exception of a small portion on Cruise II in 1913, 
when the vessel was off the Brazilian coast and near the magnetic equator; in this region 
the short deflection-distance could not be used, but no difficulty was experienced with the 
long distance. During the period November 18, 1910, to March 7, 1911, when deflections 
at short distance were not possible, double the usual number of intensity observations 
with the loaded needle were made. 

Various investigations have been made with respect to the improvement of the loaded- 
dip observations. In quiet waters, intensity results of value may be obtained from these 
observations, if made with care. Whenever there is any considerable motion of ship, 
however, especially of rolling and pitching, then dynamic effects enter as the result of the 
comparatively large leverage of the eccentric load on the needle, the load or weight being 
inserted in the blade of the needle near one of its ends. At such times but little use, 
if any, can be made of the observations. Accordingly, throughout, chief dependence has 
been placed on the intensity results from the deflection observations, though the loaded- 
dip results have been used whenever observing conditions warranted doing so. 

In the original design of the sea dip-circle it was intended that for the loaded-dip 
observations the load or weight inserted in the needle should be shifted from one end of 
needle to the other when passing from one magnetic hemisphere to the opposite one. In 
the northern magnetic hemisphere, for example, the suitably selected weight was to be 
inserted in the south-seeking end, or in the end of the needle which was above the horizon. 
In the southern magnetic hemisphere, on the other hand, the weight was to be inserted in 
the north-seeking end of needle. It was even intended that the weight should be varied 
from time to time according to the magnetic latitude of the region of work. For this 
purpose spare weights are provided, some of which, because of lack of marking, could 
readily be confused with one another. Accordingly, a simple brass case was designed to 
contain these weights, with such appropriate designations as to avoid possible confusion. 
Referring to Plate 14, Figure 2, 6 holes will be seen in which the various weights are inserted. 
A weight placed in the hole between the figures 1 and 1 is designated weight 11; weight 
12 is the one in the hole between the figures 1 and 2. The lengths of the weights, which 
were made of German silver, were also measured in order to help to identify them. 
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knife-edges supporting an inner ring, on which are provided suitable grooves for footscrews. 
The two free rings must, of course, be carefully balanced, and the inner one properly loaded 
by a weight to insure a condition of stable equilibrium. It has been found in practice — 
most probably because of the necessarily soft non-magnetic composition used for the 
rather blunt knife-edges and the consequent wear — that the mean position of rest frequently 
is considerably out of level and, furthermore, can not be relied upon to take up always the 
same mean position. 

Accordingly, in the new gimbal stand designed by the Department, the soft metal 
of the knife-edge supports was replaced by strips of hard alloy of platinum and iridium, 
while the bearing pieces, mounted suitably in the gimbal rings, are of slightly curved agate. 
(See Plate 14, Fig. 5, showing only part of the supporting frame; this frame has a wide 
flange at the bottom, as in Fig. 1, to facilitate bolting it in place.) The slight curvature 
of the agates insures, with a proper balancing-weight, that the bearings will be always 
(except for violent displacements due to motion of vessel in heavy seas) along the same lines 
of the agates. The outer or bearing ring is attached rigidly to the stand, and is L-shaped, 
with a groove at the lower edge to carry bell-metal balls providing a ball-bearing for the 
load; there is another groove at the top for a second ball-bearing, which takes care of any 
side thrust. A second ring rotates in these bearings, is centered as carefully as possible, 
and is provided with a graduation on its upper surface at intervals of 1 degree; two 
verniers fixed to the outer bearing-ring permit settings to be read directly to one-tenth of 
a degree. The rotating ring may be clamped for any reading of the circle. It carries 
two knife-edges of the platinum-iridium alloy, which support the larger and outer free 
ring of the gimbal proper. The agate bearings of the outer gimbal-ring are mounted in 
brass lugs on a diameter perpendicular to that in which similar knife-edges are provided. 
The latter are in the same plane as the other knife-edges, and in turn support similarly 
the inner gimbal-ring on which the instrument may be mounted. The material improve- 
ment, in addition to that of the supports and bearings, is m the reversible feature for the 
two gimbal-rings. A lead weight is mounted by four supporting rods from the inner ring; 
this weight may be adjusted vertically by means of a screw-arm and lock-nuts. Sliding 
clamps have been provided on the inner ring, so that the three grooved footscrews of the 
earth inductor or other instrument used may be clamped in the V’s; the clamping heads 
and nuts are on the lower side of the ring and can not be seen in the figure. When the 
stand is not in use, the gimbal rings are lifted off the agates and are supported by wooden 
blocks and clamps. 

Earth inductor . — The earth inductor constructed for this apparatus is shown in Figure 
3 of Plate 14. The double-center base is of the usual pattern used for theodolites, with 
three leveling footscrews and slow tangent-motions for each center. The horizontal- 
circle graduation is 12 cm. in diameter ; the least graduation is 30 minutes of arc. Read- 
ings may be made, by means of two verniers, directly to 1 minute and by estimation, 
because of the sharp, clean-cut graduations, to one-quarter of a minute. The lower 
center of the base is not necessary, but for this inductor the double-center base was used 
because it was in stock, and thus made possible the early completion of the instrument. 
The standards carrying the ring in which the coil is mounted and on which the rotating 
gear and the vertical-circle verniers are also mounted is attached permanently to the base. 
The ring carrying the bearings for the rotation axis of the coil is 78 mm. inside diameter; 
in it, at right angles to the axle supports in the standards, are provided centering and bearing 
agates, and to it are attached the vertical circle and the commutator brushes. The wire 
connections from the brushes are through the horizontal axle to two binding posts on the 
vertical-circle side of the instrument. To make possible the more accurate adjustment of 
the brushes, it was originally contemplated to make them adjustable around the axis of the 
commutator, but, because of the mechanical complications that would have been intro- 
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duced, this was not done. Care was used, however, to set the brushes very closely to eliminate 
the necessity, for practical purposes, of this adjustment. The vertical circle is 10.2 cm. 
in diameter, with a least graduation of 30 minutes of arc, and may be read dir ectly, by two 
fixed verniers,, to. 1 minute and, by estimation, to one-quarter of a minute. Suitable 
means for clamping vertical circle and for slow motion are provided. 

The bearings of the rotation axis of the coil are of brass, being V-shaped in longitudinal 
section and running in agate cups burnished in the brass centering supports in the support- 
ing ring. The coil is held in place by two U-shaped pieces of brass which carry the bearing 
ends of the rotation axis. At one end of the rotation axis is mounted the commutator and 
at the other end is a miter gear for use in the rotation of the coil. The spool of the coil 
is made of hard rubber 1 of 24 mm. outside thickness and of 74 mm. outside diam eter The 
inside diameter of the winding of the coil is 26 mm., the outside diameter, 73 mm., and the 
width of winding, 17.5 mm. There are 65 layers (3,162 turns) of double-silk-wound 
magnet wire No. 30 B. & S. gage, with a double thickness of paper at every fifth layer. 
For protection against moisture conditions encountered on board ship and against possible 
abrasion and short-circuiting of the turns, the outer surface of the coil and its connections 
are heavily coated with paraffin. The resistance of the coil is about 175 ohms. 

The instrument has been very carefully balanced by the use of counterweights attached 
(as has been found necessary) to the parts which may take up different positions at different 
times of observation; e. g., the coil in its mounting has been carefully balanced around the 
axis supporting the bearing ling, and the whole has been balanced about the center line 
of the spindle bearing. Thus, when the instrument is mounted, the gimbal ring is supposed 
to remain level for any orientation or position of any part of the instrument. 

For the purpose of determining the magnetic meridian, a sighting telescope and a 
compass are provided, suitable mounting wyes being placed so that the line of sight or the 
magnetic axis of the needle will be in the vertical plane through the rotation axis of the coil. 
The magnetic meridian may thus be determined by sighting upon marks of known magnetic 
bearing or by actual observation of the compass. Parallax in the compass readings is 
avoided with the aid of mirrors mounted immediately below the ends of the needle. 

The gearing for rotating the coil of the earth inductor is self-contained, and is shown 
clearly in Plate 14, Figure 5. A hole has been drilled through the center of the spindle and 
a. shaft mounted in it with, a miter gear at the upper end in suitable bearing ; this engages 
a second miter gear mounted on a shaft set at about 45° from the vertical in fixed bearings 
on the standard frame. A third gear at the upper end of the inclined shaft engages a similar 
miter gear attached to an axle rotating in the center of the horizontal bearing-end of the 
supporting ring. Inside of the supporting ring there is attached to this axle a gear of 
102 teeth mounted in a hollow spherical frame which permits the coil to turn freely inside 
it, and which engages a gear of 25 teeth attached to the rotation axis of the coil. 

The method of transmission of the rotary motion without disturbing the gimbal rings 
is as follows. At the point of intersection of the two diameters through the supporting 
knife-edges of the two gimbal rings a very small universal joint has been mounted; this is 
made so as to be adjustable vertically and has sufficient lost motion between its two parts 
to allow for the very slight play between the two rings in their bearings. The motion is 
transmitted to this universal joint by means of two gears, shafts, and a handle (see Plate 14, 
Fig. 5) earned in a frame attached rigidly in a diameter of the reversible bearing ring of the 
gimbal. By means of a slight inclination of the support carrying the transmitting shaft, 
it is possible to rotate the operating crank in any position of the ring without interference 
from the supporting frame. A cross-pin in the lower end of the rod thr ough the spindle 

mductian ^ ° f bmSS becauseof the 8 reater mechanical ease of maintaining insulation and eliminating 
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bearing of the base of the earth inductor engages in a slot in the upper part of the universal 
joint, just visible in Plate 14, Figure 5. At the intersection of the two diameters containing 
the supporting knif e-edges there is no motion relative to the instrument; there results, 
thus no effect upon the position of the gimbal rings when the coil is spun. Theoretically, 
of course the universal joint should be a point, and accordingly it has been made as small 
as is possible for practical use; the tests show that, with the gimbal weight mounted as on 
board ship, no effect is produced on the average position of the gimbal rings. The gears 
used are all of the same size, except the hollow-frame one in which the coil rotates; the 
multiplication of rotation is in the ratio of 102 to 25, or approximately 4 to 1. The 
wires from the earth-inductor binding posts to the galvanometer leads are very fine and 
are made with long spirals to eliminate any effect on the position of the gimbal ring. 

For the purpose of rotating the coil at land stations, a special tripod clamp has been 
provided with a bearing for turning the crank which is connected with the center shaft in 
the spindle bearing by means of brass shafts and two universal joints. The weight of the 
present earth inductor is about 5 kgm., while that of the Wild-Eschenhagen pattern is 
about 2.5 time s as much. The comparisons of it with the standard earth-inductor of the 
latter pattern have been extremely satisfactory, the resulting difference being on the 

order of about 0(3. . , , 

Galvanometer . — The galvanometer used is of the movmg-cou type, manufactured by 
the Leeds and Northrup Company, of Philadelphia, with some slight modifications specified 
by the Department. The moving coil is suspended between straight upper and lower 
suspensions of 0.002-inch phosphor-bronze ribbon. These suspensions have proved to be 
amply strong for carrying the instrument about and for the more or less rough motions 
encountered on board ship during heavy seas. The coil may be clamped in position when 
not in use by m eans of a sliding clamp at the back of the tube, and the tension of the sus- 
pension fibers may be adjusted by means of a sliding rod and set screw at the lower end of 
the tube. The tube containing the coil and suspensions may be quickly removed by 
loosening two clamping-nuts and may be readily replaced by a reserve tube, if necessary. 
A glass window allows easy inspection of the system. The reflecting mirror has a plane 
surface. The galvanometer resistance is 317 ohms and the critical damping-resistance 
about 125 ohms. The deflections are as nearly as possible proportional to current and 
the sensibility is practically the same for minus deflections as for positive ones. The 
sensibility specified was 1 mm. at scale distance 1 meter = 10 8 ampere. The period is 
about 2.4 seconds. To prevent corrosion and warping, owing to the hygrometric conditions 
at sea, the magnet and core are protected by paint and the base is made of hard rubber. 
The stray magnetic field was specified to be as small as possible. (See PI. 14, Fig. 4.) 

The coil ma y be balanced by means of balancing-nuts mounted at its lower end so as 
to make the zero reading practically independent of changes in level of the instrument up 
to 20°. Owing primarily to defective centering of balancing rods and nuts, it has proved 
somewhat difficult to balance the coil of the galvanometer first supplied with the apparatus, 
and the system is liable to become unbalanced in a short time. . A new galvanometer in 
which these mechanical defects have been eliminated was accordingly supplied to the Car- 
negie for use, beginning at Port Stanley, Falkland Islands, in February 1913. It appears 
that for the work with the marine earth-inductor during October 1912 to October 1916, the 
absolute accuracy of observed values of inclination depends largely upon the performance 
of the galvanometer. A new marine galvanometer is being designed and constructed by the 
Department of Terrestrial Magnetism, and it is expected that several suggested improve- 
ments, which may increase the accuracy of galvanometer readings on board, can be effected. 

Method of observation . — The null method of observation, that is to say, the determina- 
tion of the position of the rotation axis of the inductor coil for no current indication in the 
galvanometer, commonly in use on land, can not, of course, be used on board ship. It is, 
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therefore, necessary to observe deflections for particular settings of the rotation axis of 
the coil .on either side of the line of magnetic inclination, taking care that a constant speed 
of rotation is maintained. With the aid of chronometer beats, 1 experiment has shown that 
there is comparatively little trouble in holding the speed sufficiently constant for practical 
purposes, account being taken of the desired accuracy of deflection deter min ation for the 
comparatively small displacements from the line of actual magnetic inclination. By 
observing the mean deflections of the galvanometer for right-hand and left-hand rotation 
of the coil, respectively, when the rotation axis is in the magnetic meridian, it is possible 
to determine at once the position of balance, or the vertical-circle reading of the true ling 
of inclination, by linear interpolation from the vertical-circle settings used. There being 
no. means provided to determine directly the reading of the vertical circle when the rotation 
axis is vertical, corresponding observations and interpolations must be made with the verti- 
cal circle turned in azimuth 180° from its first position. The graduation is continuous 
through 360°, so that the difference between the two positions for balance so determined 
gives twice the complement of the angle of magnetic inclination, from which the value 
may be at once deduced. 

. Cr edit is due Mr. J. A. Widmer, chief instrument-maker of the Department, and his 
assistants, for the excellent execution of the mechanical detail. 


Installation on the Carnegie . 2 

The apparatus was installed on board the Carnegie at Papeete, T ahi ti, in October 1912 
The inductor was mounted on the new gimbal-stand (PI. 14, Fig. 5) in the forward observa- 
: ory ’ f ; see Fl S- 2). In order to eliminate any possible magnetic effect arising 

irom the large field magnet of the galvanometer, it was necessary to place the galvanometer 
at a considerable distance from the mounts for the magnetic instruments. During October 
to November 1912 it was fastened by a bolt passing through its hard-rubber base to a 
substantial shelf against a wood wall about 30 feet aft of the deflector. In December 1912 
a small structure to house the galvanometer was built on the quarter deck just aft of the 
engine-room skylight. The galvanometer was then mounted on a shelf, about 49 feet 
distant from the deflector. Communication between the observers at the earth inductor 
and the galvanometer is established by means of a simple signaling device. 

difficulty .at sea .has been the maintenance of the adjustment of the galvano- 
J^ ete * fi® e 0 e . p ‘ 201 )j . ^ feas }ble to adjust the system readily at shore stations so that a 
tip of 20 in any direction, with a scale distance of 58 cm., causes a change of not more 
tnan 1 mm. in the galvanometer zero. Fortunately, after some practice, it has been 
found possible to make the adjustmentfor balance on board, even when the sea is moderately 
rough, within 3 to 15 minutes, depending upon how badly the coil is out of balance and 
upon the character of the ship s motion. In moderately rough seas, the wandering of the 
zero is reduced to a range of 5 to 10 mm. when the galvanometer is used with a 100-ohm 
shunt. The failure to maintain balance at sea is also partly due to the temperature and 
humidity changes. Owing to the lack of symmetry in the balancing arrangements, it is 
difficult to throw the center of gravity of the coil into the line of suspension. By manipu- 
lation it has been found easier to place the center of gravity in a plane at right angles to 

tk t n m ?? pla !f ° f the cod; for this reason the galvanometer has been mounted 
with the plane of its coil fore and aft, since the roll of the ship is more effective than the 
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Scheme of Observation. 

The galvanometer is shunted so that its turning-points can be read satisfactorily 
The horizontal circle of the inductor is set with the rotation axis in the magnetic meridian. 
The vertical circle is then set approximately 1 degree less than the actual ma gnetic inclin- 
ation and the coil is spun by turning the crank in a right-hand direction at the fixed speed 
adopted for the particular observations, and rapid, successive readings of the galvanometer 
are made during the period of spinning. The coil is next spun in the opposite direction 
at the same speed and similar galvanometer readings are made. Similar readings follow for 
the vertical circle set about 1 degree greater than that of the magnetic inclination. From 
these readings the sensibility of the instrument is determined, as also, by linear interpola- 
tion, the setting for which the mid-point will be independent of the direction of spin. Thus, 
if S n is the nth vertical-circle setting, the reading of the vertical circle for the position of 
balance, assuming no appreciable variation in thermo-electromotive force due to possible 
changes in temperature at the commutator, would be 



where d n is the difference between the galvanometer readings for right-hand and left-hand 
rotation of the crank for the vertical-circle setting S n , d n+1 the corresponding quantity for 
the (n + 1) setting of the vertical circle, and A is the difference between the two settings 
of the vertical circle, i. e., A = — S n . Usually the observation is begun with the vertical 

circle east of the magnetic meridian, so that a second determination, similar to the one 
outlined above, is then made with the vertical circle west. From these two interpolated 
positions of balance the angle of dip may be determined readily by combination of the 
results. It is to be noted that the scheme of observation makes n always an odd number. 
The speed used in rotating the coil is 120 turns of the crank per minute; by reason of the 
multiplication of the gear system this is equivalent to 500 rotations of the cod per minute. 

As the interpolation term may be subject to error because of any change in the sensi- 
bility of the galvanometer, or in the quality of insulation, or in the resistance of the various 
contacts and portions of the circuit, a sharp lookout is kept for any leakage, this being 
indicated by a decrease in the apparent sensibility of the galvanometer. To prevent leak- 
age, all insulated surfaces are greased with vaselme or good kerosene and wiped off and 
greased again frequently. The term may also be subject to error if there is variation in 
the thermo-electromotive force, due to changes of the temperature at the commutator 
during the observation. The commutator is, therefore, kept well lubricated with vaseline, 
in order to reduce the possibility of such variation. 

For the above scheme of observation four persons are required: two at the galvanom- 
eter, one to read and the other to record; two at the earth inductor, one to make the circle 
settings and to rotate the coil, the other to record the settings and to keep the meridional 
plane of the instrument in the magnetic meridional plane. The last operation is of the 
same importance as in the use of the dip circle, and is maintained by reference to a standard 
Ritchie compass, where simultaneous observations are being made by another observer in 
connection with the horizontal-intensity observations. 

In the first work on board ship it was attempted to form mental means of the galvanom- 
eter deflections. This was found to be fairly satisfactory when the sea was smooth, but 
impracticable under ordmary conditions, on account of the swinging of the gimbal. The 
method finally adopted and used is to make 20 readings of the galvanometer scale for each 
operation of the earth inductor. Four determinations of the dip, namely, circle east and 
circle west, with the gimbal rings both direct and reversed, are necessary in order to obtain 
one result. The whole operation as outlined requires from 13 to 16 minutes. 
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At times the successive determinations agree exactly; more frequently they differ by 
a few hundredths of a degree, and occasionally by three or four tenths of a degree. The 
causes of the occasional large variations have not been wholly determined. The earth- 
inductor observations are made on nearly every day the dip circle is used, sometimes before 
and after, and sometimes in the middle of the dip-circle work, so that the earth-inductor 
values and those of the dip circle apply to the same times and positions. Experiments 
have been made on board, the Carnegie to determine the relative accuracy of successive 
determinations for inclination with the earth inductor, by continuing observations through- 
out a long period of time; in general the indications from such observations have been 
satisfactory. Thus of six determinations, all applying to the same position and tim e on one 
day, the extreme difference from the mean in the case of one value was 0?25; of a second 
value it was 0?18, while the other values differed by less than 0° 1 from the mean. Another 
day s work gave eight determinations, none of which differed from the mean by as much 
as 0. 1. ^ On both days the ship was becalmed, so that the only motion was rolling and the 
change m heading with the drift was slow. The conditions, therefore, were rather favor- 
able for earth-inductor observations, since it is possible to maintain the orientation of the 
inductor m the magnetic meridian by shifting, simultaneously with the change in the ship’s 
heading, the rotating ring of the gimbal stand without interrupting or affecting the observa- 
. 1 ® hoped that the mean values of the magnetic inclination determined at sea 
with the inductor may be depended upon finally to within an absolute accuracy of 3 
minutes of arc. 


MOUNTING OF MAGNETIC INSTRUMENTS ON THE CARNEGIE. 


At A, the middle point of the bridge (see Fig. 13 and PI. 9, Fig. 2), is mounted in its 
declination mariKe colllmatl ng-compass, the chief instrument for determining the magnetic 



Jh the forward observatory, at B, the sea dip-circle was mounted until September 
? n aDovergimbal-stand, similar to the one at E, which was used for the atmospheric- 
electne observations from 1909-1914; since September 1912 the sea dip-circle (or the marine 
earth-inductor) is mounted on the special reversible gimbal-stand (see pp. 196-197). At 
Bare made, accordingly the observations for determining the magnetic inclination, jf, and 
the total intensity F of the Earth’s magnetic field. The horizontal intensity, H, is com- 
puted by means of the formula E -F cos Z\ 


The sea deflector is mounted in its binnacle in the after observatory, at C. With it 
are determined the horizontal intensity and the magnetic decimation. The readings of 
ship s heading, which are made simultaneously with the ^-observations at C, were taken 


l The same conditions would be unfavorable for use of the sea dip-circle 
the rotating ring of the gimbal stand during the observations 


since for that instrument it 


is not practical to shift 




The Carnegie's Inclination Instruments 

1 Sea dip-circle and gimbal stand 3 Marine earth-inductor, 1912- 

2 Brass box and weights for loaded needle 4 Marine galvanometer 

5 Reversible gimbal stand and gearing attachment 
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until September 1912 with the spare Kelvin compass mounted in the deck-house at a point 
D, directly below A; since that time a standard Ritchie liquid compass replaced the Kelvin 
compass at D. The disturbing effect of either of the auxiliary compasses used at D is 
negligible 1 at the distance of D from the compasses at A and C. Figure 13 represents a 
vertical plane through the four magnetic instruments and the fore-and-aft line of the 
vessel. The sides of the parallelogram are about 13.2 feet, and the distance from B (center 
of forward observatory) to C (center of after observatory) is about 24 feet. The heights 
of the various instruments above the main deck are as follows: Marine collimating- 
compass 1 at A, 14.1 feet; sea-deflector 4 at C, 9.2 feet; marine earth-inductor 3 at B, 8.6 
feet; and Ritchie compass at D, 3.5 feet. 

It will be seen that the fundamental principle of determining each magnetic element 
in duplicate with different instruments is fully carried out. Thus the magnetic declina- 
tion is determined both at A and C from simultaneous observations with instruments of 
different design and by different observers. At B the inclination is determined not only 
by different methods and with different needles, using the sea dip-circle, but also since the 
latter part of 1912 by means of the marine earth-inductor. The horizontal intensity is 
determined directly at C with the sea deflector, and indirectly from the simultaneous 
observations of F and I at B. Originally it was intended to make also ^-observations 
with the marine collimating-compass at A, by the same method embodied in the sea 
deflector at C; the instrument was accordingly constructed for deflection observations, as 
well as for declination observations. However, experience showed that sufficient controls 
on the H-results were already being obtained by the methods described. 

LAND MAGNETIC INSTRUMENTS. 

As in the case of the Galilee work, at practically every port visited the ship magnetic 
instruments were compared with a standardized land-magnetometer and a standardized 
earth-inductor. The land instruments used in the Carnegie work were standardized at 
Washington by direct comparisons with the Department’s standards whenever oppor- 
tunity presented itself — certainly always before and after a cruise. In order to supplement 
the direct comparisons at Washington and to control any possible changes in the constants, 
frequent additional comparisons were secured at the ports visited, either with reserve land 
instruments belonging to the vessel’s outfit, or with the instruments used by the Depart- 
ment observers who happened to be engaged on field work near a port of call. 

The various instruments will be found mentioned specifically in the inventory, pages 
203-211. The types of land instruments used are fully described and illustrated in Volumes I 
(pp. 2-11) and II (pp. 5-15). 

INSTRUMENTAL OUTFIT FOR THE CARNEGIE WORK. 

CRUISE I. SEPTEMBER 1909 TO FEBRUARY 1910. 

Magnetic Instruments. 

I. For magnetic declination at sea. (1) Marine collimating-compass 1, designed and 
constructed by the Department of Terrestrial Magnetism, provided with brass binnacle- 
stand and deflector attachment for use on board ship, and tripod 2 for use on shore; (2) 
deflector 3, designed and constructed by the Department of Terrestrial Magnetism, pro- 
vided with brass binnacle-stand by E. S. Ritchie and Sons, for use on board ship, and 
tripod 1 for use on shore; (3) Kelvin dry compass-bowl (13, Pat. 5892) with cards 8127 and 
13845, provided with Kelvin azimuth instrument 3619, all by the Kelvin and James White 
Company, mounted on board ship in wooden binnacle by T. S. and J. D. Negus. The 
designations adopted, respectively, for the 3 compasses with appurtenances are: Cl, D3, 

before the Kelvin compass was replaced at D by the Ritchie compass, tests were made on shore at Papeete, which 
showed that any possible disturbing effects were entirely negligible 
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and K; (4) Ritchie liquid compass 29971, provided with a brass binnacle-stand, by E. S. 
Ritchie and Sons, was used as a steering compass for the vessel; (5) Ritchie liquid compass 
29499, and (6) Ritchie liquid compass 29497, the latter with its card ungraduated except 
for the 4 cardinal points, with azimuth circles 418— III and 481-III, all by E. S. Ritchie and 
Sons, were carried for reserve and experimental use. 

II. For magnetic inclination and total intensity at sea. (1) Sea dip-circle 189, 1 provided 
with dip needles 5, 6, 9, and 10, intensity-needle pairs 3 and 4, and 7 and 8, brass gimbal- 
stand 2 (maker’s number 189) for use on board ship, and tripod for use on shore, all by 
A. W. Dover, with improvements in design and construction specified by the Department 
of Terrestrial Magnetism; (2) sea dip-circle 203, a reserve instrument, provided with dip 
needles 1, 2, 5, 6, 9, and 10, and intensity-needle pairs 3 and 4, 7 and 8, and 11 and 12, 
brass gimbal-stand 3 (maker’s number 208) for use on board ship, and tripod 203 for use 
on land, all by A. W. Dover, with improvements in design and construction as specified by 
the Department of Terrestrial Magnetism. The designations adopted, respectively, for 
the two dip circles are the numbers of the dip circles followed by numbers of needles used, 
intensity-needle numbers being italicized, thus: 189.9,10,75. When both deflection and 
loaded-dip observations were made the designation for the intensity needles is followed 
by a dagger (f), thus, 189.9, 10, 75f. 

III. For horizontal intensity at sea. (1) Sea deflector 3, designed and constructed by 
the Department of Terrestrial Magnetism, provided with deflecting magnets 45 and 2L, 
brass binnacle-stand by E. S. Ritchie and Sons for use on board ship, and tripod 1 for use 
on shore. The designation adopted for the deflector and compass is D3. 

IV. For magnetic decimation and horizontal intensity on land. (1) Theodolite magnet- 
ometer 2, provided with tripod 2, by the Bausch and Lomb Optical Company according 
to specifications of the Department of Terrestrial Magnetism; (2) theodolite magnetometer 
4, provided with tripod 4, by the Bausch and Lomb Optical Company, and similar to 
manometer 2. The designations adopted, respectively, for the two magnetometers are 

^'^tic inclination on land. (1) Land dip-circle 178, provided with dip 
needles 1, 2, 5, and 6, mtensity-needle pair 3 and 4, compass attachment, and tripod, all by 
^ land JP-circle 201, provided with dip needles 1 and 2, intensity-needle 

pair 3 and 4, compass attachment, and tripod 201, all by A. W. Dover. The designations 

the tW0 dip ckcles are 178,25 and 20U2 ( the intensity needles 
and the extra dip needles were not used) . (3) Sea dip-circles 189 and 203 with their needles 

and compass attachments were also used for shore observations. 

Atmospheric-Electric Instruments. 

VI. Instruments for observations in atmospheric electricity. (1) Conductivitv annaratus 

1683 ? eSig “’ b ^ P “ dler and H °y er ; (2) Harm’s Standard 

condenser 1693, by Gunther and Tegetmeyer; (3) dispersion apparatus 1416 Elster and 

unfi el + S - de ^AQ y G T heT and T / egetme y er > Provided with electroscope 1416 dry-pile 
1408, tripod 1309, and accessories; (4) electroscope 1437 by Gunther andTegetmevef- m 

S^Tu, e r pmffit - mdudin8 1449 ' spedal * S225SM 

Sextants, Chronometers, Watches, and Dip-of-Horizon Measurer. 

T.J&TSSS* d»„» June p, July, 1909, in a. top ft. Department .1 

sn 4 ™ S11ppl '* 1 * pp ’ p lon « defleotion-bar prior to its assignment for Cruise I oi the Cnrnepie 
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L. Weule; (5) gyroscopic collimator and octant 2679 by Ponthus and Therrode, (6) pocket 
sextant 301, from October 28, 1909, by James J. Hicks; (7) unnumbered pocket-sextant by 
Trougbton and Simms, loaned by W. J. Peters; (8) prismatic circle 11717 by Carl Bamberg. 

VIII. Chronometers and watches. (1) Marine chronometers 1809 by T. S. and J. D. 
Negus, loaned by W. J. Peters, 2761 by G. E. Wilkins, 52917 by E. Dent and Company, 
52918 by E. Dent and Company, 53151 by E. Dent and Company, 53157 by E. Dent and 
Company, 53862 by E. Dent and Company, with ship and gimbal cases; (2) pocket 
chronometers 253 by A. Kittel and 256 by A. Kittel, for shore work, (3) watches 2 by the 
Hamilton Watch Company, 90 by the Waltham Watch Company, and 91 (sidereal) by 
the Waltham Watch Company; unnumbered stop-watch. 

IX. Dip-of-horizon measurer. Dip-of-horizon measurer 4048, model A, by Carl Zeiss. 

Meteorological Instruments and Miscellaneous Equipment. 

X. Meteorological instruments. (1) Aneroid barometers 4 and 7 by Ponthus and 
Therrode; (2) unnumbered aneroid barometer by L. Weule; (3) barograph 5142 by Richard 
Freres ; (4) marine mercury-barometer 3948, English scale, provided with attached ther- 
mometer 3017, by H. J. Green; (5) boiling-point apparatuses 3 and 4 by the Department 
of Terrestrial Magnetism; (6) Marvin sling psychrometers 202, 204, and 205, by Schneider 
Brothers ; (7) thermographs 40418 and 46032, by Richard Freres ; (8) six-inch thermometers 
Bureau of Standards numbers 4140, 4146, 4149, 4150, 4151, 4154, 4157, 4159, 4160, 4161, 
centigrade scale, all by H. J. Green; (9) thermometers for hypsometric work at sea, 
Bureau of Standards numbers 3549 and 3551, by H. J. Green; (10) thermometers for 
hypsometric work on land, Bureau of Standards numbers 3553 and 3554, by H. J. Green; 
(11) maximum thermometer, Bureau of Standards number 1252, and minimum thermom- 
eter, Bureau of Standards number 1253, by H. J. Green; (12) exposed thermometer, 
Bureau of Standards number 1251, Fahrenheit scale, by H. J. Green; (13) reserve mayimn-m 
thermometer 8094 and minimum thermometer 8070, both Fahrenheit scale, by H. J. Green; 
(14) reserve thermometer 4903, Fahrenheit scale, by H. J. Green. 

XI. Miscellaneous equipment. (1) Artificial horizon 2, designed and constructed by 
the Department of Terrestrial Magnetism, (2) leather chronometer carrying-cases; (3) 
balances ; (4) six Edison primary batteries with coil for reversing magnetization of sea dip- 
circle needles; (5) marine clocks; (6) two 3-inch liquid boat-compasses and brass binnacles; 
(7) dating and numbering machines; (8) drawing tools; (9) plate and film cameras; 
(10) leads for sounding; (11) marine glasses; (12) taffrail logs; (13) universal levels; (14) 
inclinometers; (15) instrument trunk-cases; (16) miscellaneous office equipment; (17) 
microscope 2 and accessories, by the Spencer Lens Company (maker’s number 10477); 
(18) medical and surgical supplies and instruments; (19) developing tank for photographic 
work; (20) three-arm protractor 10031, by the Keuffel and Esser Company; (21) reading 
glasses; (22) Tanner non-magnetic 100-fathom sounding machine 1, by D. Ballauf (maker’s 
number 245); (23) tapes; (24) non-magnetic observing pyramid tents, regulation land 
type, for shore work; (25) special non-magnetic wall tents 9 feet by 9 feet, for shore work; 
(26) tools; (27) typewriter; (28) small instrumental accessories; (29) water filter. 
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CRUISE II, JUNE 1910 TO DECEMBER 1913. 


Magnetic Instruments. 


XII. For magnetic decimation at sea. (1) Marine collimating-compass 1, same as for 
Cruise I, supplemented by theodolite 5 from March 1911, for determination of constants on 
shore, 1 (2) deflector 3, same as for Cruise I, supplemented by a special sighting device, in 
use through March 1911, when it was replaced by deflector 4, but was kept on board subse- 
quently for reserve and experimental use; (3) deflector 4, designed and constructed by the 
Department of Terrestrial Magnetism, from April 1911, the same binnacle and tripod being 
used as for deflector 3; (4) Kelvin dry compass-bowl, same as for Cruise I. The designa- 
tions adopted, respectively, for the 4 compasses with appurtenances are Cl, D3, D4, and 
K. (5) Ritchie liquid compass 29971, provided with a brass binnacle-stand, by E. S. 
Ritchie and Sons, was used as a steering compass for the vessel, (6) Ritchie liquid compass 
29499, and (7) Ritchie liquid compass 29497, with azimuth circles same as for Cruise I, 
were carried for reserve and experimental use; (8) Ritchie liquid compass 39670, provided 
with brass binnacle-stand, by E. S. Ritchie and Sons, mounted in the chart-house from 
September 1912. 

XIII. For magnetic inclination and total intensity at sea. (1) Sea dip-circle 189, same 
as for Cruise I, 2 (2) sea dip-circle 203, same as for Cruise I, 3 until November 15, 1911, when 
the dip circle with its needles was returned to Dover for overhauling; (3) sea dip-circle 204, 
provided with dip needles 1, 2, 9, and 10, and intensity-needle pairs 7 and 8, and 11 and 12, 
all by A. W. Dover, with improvements in design and construction specified by the Depart- 
ment of Terrestrial Magnetism, was carried as a reserve instrument from October 1911; 
(4) marine earth-inductor 3, provided with reversible gimbal-stand, all designed and con- 
structed by the Department of Terrestrial Magnetism, from September 1912, supple- 
mented by moving-coil marine galvanometer 19498 (tube 19499), by the Leeds and North- 
rup Company, which was replaced in February 1913 by moving-coil marine galvanometer 
20696 (tube 20697), by the Leeds and Northrup Company, metronome 309, 4 telescope and 
scale, and accessories. The designations adopted, respectively, for the four instruments 
with their appurtenances are 189.9,10,75, 203.1234, 204.1273, and EI3. For the dip circles 
the intensity-needle numbers are italicized, for cases where both deflection and loaded-dip 
observations were made the designation for the intensity needles is followed bv a dancer 
(f), thus, 189.9, 10, 78f. 

XIV. For horizontal intensity at sea. _ (1) Sea deflector 3, same as for Cruise I; (2) sea 
deflector 4, provided with special brass binnacle-stand for use on board ship and tripod for 
use on shore, all designed and constructed by the Department of Terrestrial Magnetism, 
from April 1911, with deflecting magnets 45 and 2L of deflector 3, and new magnet 3 from 
December 1912, and supplemented from September 1912 by Ritchie liquid compass 39670. 
The designations adopted, respectively, for the deflectors are D3 and D4. 

XV . For magnetic declination and horizontal intensity on land. (1) Theodolite magnet- 
ometer 2, same as for Cruise I; (2) theodolite magnetometer 4, same as for Cruise I; 
(3) universal magnetometer 14, provided with all appurtenances and tripod 14, designed 
and constructed by the Department of Terrestrial Magnetism, from April to September 
1913; (4) universal magnetometer 19, provided with tripod 19, designed and constructed 
by the Department of Terrestrial Magnetism, from September 1912 to May 1913; (5) 
theodolite magnetometer 8, provided with tripod 8, by the Bausch and Lomb Optical 


'Between Cruises I and II tripod 2 was modified by the addition of an arm rotating about the center spindle, on whioh 
to mount the theodolite for the determination of constants on shore 

earth^du^to? 3 Pmbal " Staild 2 ™ replaced m September 1913 the 8 P e0l al reversible gimbal-stand provided for marine 

8 The axle of needle 7 was broken on May 14, 1911 ; needle 1 was returned to the Office in January 1911 
The metronome, originally intended as a timing device for maintaining constant speed of the rotation apparatus, was 
found unsuitable for use on board ship, and was replaced by a half-second chronometer 
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Company according to specifications of the Department of Terrestrial Magnetism, was 
used at Cape Town during March 1911. The designations adopted, respectively, for the 
five magnetometers are 2, 4, 14, 19, and 8. 

XVI. For magnetic inclination on land. (1) Land dip-circle 201, provided with dip 
needles 1, 2, 5, and 6, intensity-needle pairs 8 and 4, and 7 and 8, compass attachment, and 
tripod 201, all by A. W. Dover; (2) earth inductor 2, provided with tripod 2, galvanometer 
206, tripod 206, and appurtenances, all by Otto Toepfer and Son, from September 1910, 
(3) universal magnetometer 14, provided with tripod 14, Dover dip needles 1, 2, 5, and 6, 
and intensity-needle pairs 3 and 4, and 7 and 8, designed and constructed by the Depart- 
ment of Terrestrial Magnetism, from April to September 1913; (4) universal magnetometer 
19, provided with tripod 19 and Dover dip needles 1, 2, 5, and 6, designed and constructed 
by the Department of Terrestrial Magnetism, from September 1912 to May 1913; (6) 
marine earth-inductor 3 was also used for shore observations; (6) land dip-circle 172, pro- 
vided with dip needles 1, 2, 5, and 6, intensity-needle pair 3 and 4, and tripod 172, all by 
A. W. Dover, was used at Cape Town during April 1911. The designations adopted, 
respectively, for the six instruments are 201.125, EI2, 14.1256, 19.1256, EI3, and 172.1256 
(the intensity needles and the extra dip needles were not used). 

Atmospheric-Electric Instruments. 

XVII. Instruments for observations in atmospheric electricity. (1) Batteries of cad- 
mium cells, Kruger’s design, by Spindler and Hoyer, as follows: 2 throughout cruise, 2 
from July 1910, and 2 from February 1912; (2) Harm’s standard condenser 1693, by 
Gunther and Tegetmeyer; (3) conductivity apparatus 2, complete with accessories, Ger- 
dien’s design, by Spindler and Hoyer; (4) dispersion apparatus, Elster and Geitel’s design, 
by Gunther and Tegetmeyer; (5) Zamboni dry-piles 1449 throughout cruise, 3206 and 3230 
from February 1912, and 3376 from September 1912; (6) aluminum-leaf electroscope, by 
Spindler and Hoyer; (7) electroscope 2, provided with appurtenances, Wicchert’s design, 
by Spindler and Hoyer, from February 1912; (8) bifilar electroscope 3537, provided with 
appurtenances, Wulf’s design, by Gunther and Tegetmeyer, from December 1912; (9) 2 
ionium collectors by Gunther and Tegetmeyer, from February 1912; (10) 4 radium 
collectors, by F. H. Glew, 2 throughout the cruise, and 2 from June 1911 ; (11) sea-and-rain- 
water radioactivity-apparatus, by the Department of Terrestrial Magnetism, provided 
with lamp, electroscope 1437, and appurtenances; (12) voltmeter, from October 1913, 
(13) ammeter, from October 1913; (14) non-magnetic brass Gauss stand, constructed by 
the Department of Terrestrial Magnetism; (15) small non-magnetic gimbal-stand, from 
September 1912; (16) miscellaneous equipment, including non-magnetic brass-clamps, 
special insulators, flame collectors and supports, non-magnetic brass laboratory-supports 
and stands, ionization chamber 1, aluminum foil, small tools, Dewar flask, etc. 

Sextants, Chronometers, Watches, and Dip-of-Horizon Measurer. 

XVIII. Sextants. (1) Nos. 2575, 2611, 2617 (from September 1912), 2943, 2944, by 
Ponthus and Therrode (the last two instruments are specially designed for use at night); 
(2) No. 3265 by C. Plath; (3) Nos. 10756, 10759, and 22876 (from September 1912), all by 
Keuffel and Esser Company; (4) unnumbered sextant by L. Weule; (5) gyroscopic colli- 
mator and octant 2679 by Ponthus and Therrode; (6) pocket sextant 301 1 by James J. 
Hicks; (7) extra small sextants 3380 and 3393 by Carey, Porter Ltd., from September 30, 
1913; (8) unnumbered pocket-sextant by Troughton and Simms, loaned by W. J. Peters; (9) 
prismatic circle 11717 by Carl Bamberg. 

Sextant 301 was overhauled and repaired in the instrument shop of the Department of Terrestrial Magnetism in April 
1910, at that time several small parts found to be slightly magnetic were replaced by non-magnetic parts 
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XIX. Chronometers and watches. (1) Marine chronometers 254 by A. Kittel (from 

September 1912), 268 by A. Kittel (from September 1912), 1809 by T. S. and J. D Negus 
loaned by W. J. Peters, 2761 by G. E. Wilkins, 52917 by E. Dent and Company, 53151 by 
E. Dent and Company, 53157 by E. Dent and Company, 53862 by E. Dent and Company 
rio u S * cases ; (2) pocket chronometers 256 by A. Kittel from March 1911 

258 by A. Kittel until December 1910, 260 by A. Kittel until September 11, 1911, 13733 by 

•^ ar ^> ^ or s h° re work; (3) watches 51 by the Hamilton Watch Company, 90 by 
the Waltham Watch Company until October 1912, 91 (sidereal) by the Waltham Watch 
Company, 92 (sidereal) by the Waltham Watch Company from February 1913, 101 by the 
Elgin National Watch Company from September 1912, 813 by the Howard Watch Works 
from September 1912; unnumbered stop-watch. 

XX. Dip-of-horizon measurer. Dip-of-horizon measurer 4048, model A, by Carl Zeiss. 

Meteorological Instruments and Miscellaneous Equipment. 

• ? Meteorolo ^cal instruments. Same as for Cruise I with the addition of the follow- 

1 + S ' iil]f arin j ™ er f u yy‘bar°met e r 4177, English scale, provided with attached thermom- 
eter 11441, and gimbal attachment, by H. J. Green, from March 1911, (2) boiling-point 
apparatuses, 6 from October 1911, and 8 and 9 from February 1912, all by the Department 
Ma § net i s m; (3) Marvm sling psychrometers 1 534, 537 (broken September 
1910), 550 from October 1911, 556 from October 1911, 560 from October 1911 and 4 
thermometers, centigrade scale, 1, 2, 9, and 15, all by Schneider Brothers, to replace 
broken psychrometer-thermometers, from June 1912; (4) thermograph 46034, by Richard 
Freres, to June 1912, and after repairs from September 1912; (5) six-inch thermometer 2 
Bureau of Standards number 6722, by H. J. Green, from May 1913; (6) boiling-point 
theraaometers for work at sea, 3 Bureau of Standards numbers 6192 from February 1911, 

8U9from September 1912 ’ 8728 

1 Miscellaneous equipment. Same as for Cruise I, with the addition of the fol- 

lowing. (1) Electric flashlights; (2) experimental prism-holders 1 and 2 and pr isms by the 
Department of Terrestrial Magnetism. P ’ Dy tne 

CRUISE III, JUNE TO OCTOBER 1914. 

Magnetic Instruments. 

for TT F % de f™ ation at * ea - (!) Marine collimating-compass l, 4 same as 

for Cruise II, (2) deflector 4, 6 same as for Cruise II. The designations adopted respec- 
tively , for the 2 compasses with appurtenances are Cl and D4. (3) Ritchie liouid com- 

pass 29971 same as for Cruise II; (4) Ritchie liquid compass 29499, and (5) Ritchie liquid 

C^en 29 fD 7 KT“ e a - f °^ CrU f e H; (6) RitcMe HquM com P ass 39670, same as q for 
Cruise II, (7) Kelvm azimuth instrument 3619 for experimental use. 

^ J? or . ma S ne ^ c inclination and total intensity at sea . (1) Sea din-circle IRQ 6 

same as for Cruise II, ^th dip needles 5, 6, and 9, and mtensity-n^dle p air?3 S 4 

ipsychrometer 205 was broken in December 1910 ~ ~ ~~ ~ — 

Thermometer 4157 was on board until May 1913 only 

thermometers were broken during the cruise 3549,3551,6192,6329 6331 7827 811 fi 8117 ono 

ment ahop' ™ 6made ^pnl to May 1914, * the matru- 

Apnl to 
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7 and 8; (2) sea dip-circle 204, same as for Cruise II; (3) marine earth-inductor 3, 1 same 
as for Cruise II, with the addition of moving-coil marine galvanometer 20698. The desig- 
nations adopted, respectively, for the 3 instruments with their appurtenances are 189.56975 
204.1275, and EI3. For the dip circles the intensity-needle numbers are italicized; for 
cases when both deflection and loaded-dip observations were made the designation for the 
intensity needles is followed by a dagger (f), thus, 189.5675f. 

XXV. For horizontal intensity at sea. (1) Sea deflector 4, same as for Cruise II. The 
designation adopted for the deflector and compass is D4. 

XXVI. For magnetic declination and horizontal intensity on land. (1) Theodolite 
magnetometer 5, provided with tripod 5, by the Bausch and Lomb Optical Company 
according to specifications of the Department of Terrestrial Magnetism; (2) magnetometer- 
inductor 25, provided with galvanometer and tripods, designed and constructed by the 
Department of Terrestrial Magnetism. The designations adopted, respectively, for the two 
magnetometers are 5 and 25. 

XXVII. For magnetic inclination on land. (1) Magnetometer-inductor 25, provided 
with galvanometer, and tripod 25, designed and constructed by the Department of Terres- 
trial Magnetism. The designation adopted for the instrument is 25. (2) Marine earth- 

inductor 3 was also used for shore observations. 

Atmospheric-Electric Instruments. 

XXVIII. Instruments for observations in atmospheric electricity. (1) Conductivity 
apparatus 2, same as for Cruise II; (2) Gerdien condenser by Spindler and Hoyer; (3) 
electroscope 2, same as for Cruise II; (4) electroscope 3995, provided with appurtenances, 
Wulf’s design, by Gunther and Tegetmeyer; (5) ion counter, provided with Zamboni dry- 
pile and accessories, after Ebert’s design; (6) potential-gradient apparatus; (7) Braun elec- 
troscope 1437, same as for Cruise II ; (8) three radium collectors and two ionium collectors, 
same as for Cruise II; (9) Zamboni dry-piles 1449, 3206, 3230, and 3376; (10) volt-ammeter; 
(11) potentiometer; (12) non-magnetic brass Gauss stand, same as for Cruise II; (13) 
small non-magnetic gimbal-stand, same as for Cruise II; (14) Weston voltmeter 11763; 
(15) two batteries of cadmium cells, Kruger’s design, by Spindler and Hoyer; (16) mis- 
cellaneous equipment same as for Cruise II, with small additions, including a Simpson 
charging rod. 

Sextants, Chronometers, Watches, and Dip-of-Horizon Measurer. 

XXIX. Sextants. Same as for Cruise II. 

XXX. Chronometers and watches. (1) Marine chronometers 254 by A. Kittel, 264 by 
A. Kittel, 360 by Finer, 1044 by Roskell, 2761 by G. E. Wilkins, 52917 by E. Dent and 
Company, 53151 by E. Dent and Company, 53157 by E. Dent and Company, 53862 by 
E. Dent and Company, with ship and gimbal cases; (2) watches 51 by the Hamilton Watch 
Company, 101, 114, 115, and 117 by the Elgin National Watch Company, 813 by the 
Howard Watch Works; unnumbered stop-watch. 

XXXI. Dip-of-horizon measurer. Dip-of -horizon measurer 4048, same as for Cruise II. 

Meteorological Instruments and Miscellaneous Equipment. 

XXXII. Meteorological instruments. Same as for Cruise II, except thermometers 
1252 and 1253, with the addition of the following: (1) six-inch thermometers, Bureau of 
Standards numbers 9517, 9520, 9521, 9530, 9531, and 9532, by H. J. Green. 

XXXIII. Miscellaneous equipment. Same as for Cruise II. 

1 Manne earth-inductor 3 -was thoroughly overhauled and repaired during April 1914 in the instrument shop of the 
Department of Terrestrial Magnetism 
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CRUISE IV, MARCH 1915 TO SEPTEMBER 1916. 

Magnetic Instruments. 

. Formagnetic declination at sea. (1) Marine collimating-compass 1, same as 

i H J ; £? ! ea deflector 4 ’ same as for Cruise IIL The designations adopted, 
respectively for the two compasses with appurtenances are Cl and D4. (3) Sea deflector 5 

provided with deflecting magnet 5, designed and constructed by the Department of Terres- 
trial Magnetism, from April 1916, for reserve and experimental use; (4) Ritchie liquid 
compass 29971, same as for Cruise III; (5) Ritchie liquid compass 29499, and (6) Ritchie 
lqind compass 29497 , same as for Cruise III; (7) Ritchie liquid compass 39670, same as 
for Crmse III; ; (8) sea deflector 3 was on board from June 1915 for possible emergency use. 

V ‘ . r raag wefoc inclination and total intensity at sea. (1) Sea dip-circle 189 

anTnlnd'lwS di . p ^® dIes ! > j 5 > and 6 > and intensity-needle pairs 3 and 4, 

and 11 and 12, (2) sea dip-circle 204, provided with dip needles 2, 9, 10, and 11, and inten- 

S1 ^ 1 +t ed e i 3 f nd 4 ’ and 7 and 8;2 . niarine earth-inductor 3, same as for Cruise III 
rl,r + a ^ f °^ Se at sh ° re stations ’ of galvanometer 28A and tripod, designed and 
constructed by the Department of Terrestrial Magnetism. The designations adopted 
respectiveiy for the three instruments and their appurtenances are 189.125634, 204.293^ and 

deflection^ JiT ® *5® mte f. s ity-needle numbers are italicized; for cases where both 
deflection a nd loaded-dip observations were made, the designation for the intensity needles 
is followed by a dagger (f), thus, 189.12, 11,12]. 

rrvi ^ X i XVI ;. For horizontal intensity at sea. (1) Sea deflector 4, same as for Cruise III. 
neA wTo^ r a nT f f ^ deflector is D4 - ( 2 ) Sea Sector 5 with deflecting mag- 

board ^OTn'juue^QlMor^osSb^emCTgencT 3 )^ 6 ® 3 WaS “ 

magnetometers, saTeTfor cSllI? “?) m^gnetomet tSuctor 

SVw:ir gnat r S adopted > respectively, for the 2 magnetometers are 5 and 25. 

( ) Universal magnetometer 21, designed and constructed by the Department of Terrestrial 
Magnetism, was used at one shore station in March 1915 errestnal 

asfoSTJuT-^uS- 0 on l .ri W Magnetometer-inductor 25, same 

av n ^ + e d n 2 ^ nd d ! p ' clrcle 2 ® 1 > provided with dip needles 5 and 6 of 201, 5X and 
19l’fi T^ nSlty ^ eede pair 3 and 4 - with tri P° d 201, all by A. W. Dover, until May 9, 
¥ adopt ® d ’ respectively, for the two instruments are EI25 and 201 56, 

5X, 6X. (3) Marine earth-inductor 3 was also used for shore observations- (4) universal 

isrs th needles 1 and 3 ° f “ d 3 ^ 4 ° f 2°. ™ > •* ° ne 


Atmospheric-Electric Instruments. 

o X j Il } stru ™ ent f f° r observations in atmospheric electricity. (1) Conductivitv 

’• kT ^ T nStrUCted by the department of Terrestrial Magnetism, pr l 
vided with gimbal rings and mounting, and direct-current motor; (2) ion counter 1 nro- 

bv T nd and appurtenances, all designed and Constructed 

mo^dtd^r^^i - f Tem f tnal Magnetism; (3) penetrating-radiation apparatus 1, 

bv St Deo^i o/t gS a ? f and a PP urteii aiices, all designed and constructed 

f T f rrestna ! Magnetism; (4) potential-gradient apparatus 2, complete 
with appurte nances and mounting, all designed and constructed by t he Department of 

Ma^W 1613 616 mad6 dUmig JaaUary 1915 on deaeotor 4 “ the instrument shop of the Department of Terrestrial 

obse^aliof 7 “ eedleS 7 and 8 and dlp DeedIe 9 wete retoned ® April 1915. the pivots of 8 and 9 havrng been broken during 
6hop 3 Qf^ie e D^artment 1 of 0 TerrMtnal 1 Magneti8m Ver ^ aU ^ ed repam made durmg 1915 ® instrument 
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Terrestrial Magnetism; (5) radioactive content apparatus 4, provided with gimbal rings 
and mounting, water-dropping apparatus, direct-current motor, ionizing chamber, anemom- 
eter, and other appurtenances, designed and constructed for the most part by the Depart- 
ment of Terrestrial Magnetism. The designations adopted, respectively, for the 5 instru- 
ments are CA3, ICl, PRA1, PGA2, RCA4. (6) Accessories: Gerdien condenser, until 
April 1915; fiber electroscopes 12, 14, and 15, all constructed by the Department of 
Terrestrial Magnetism; Braun electroscope 1437; Wulf electroscopes 3537, 3995, and 
4357, all by Gunther and Tegetmeyer; Wiechert electroscope 2 by Spindler and Hoyer; 
high-resistance rheostats 1716 and 1751, from April 1916; batteries of cadmium cells and 
Eveready dry cells; Zamboni dry-piles 1449, until June 1915, and 3376, both by Gunther 
and Tegetmeyer; voltmeters; volt-ammeter; potentiometer, gimbal stand; non-magnetic 
Gauss table; radium and ionium collectors; miscellaneous equipment, including non-mag- 
netic clamps, special insulators, small tools, etc. 

Sextants, Chronometers, Watches, and Dip-of-Horizon Measurers. 

XL. Sextants. Same as for Cruise III with the addition of sextant L809 by John Bliss. 

XLI. Chronometers and watches. (1) Marine chronometers same as for Cruise III, 
with the exception of Kittel 254 and 268; (2) watches 70 and 71 by the Hamilton Watch 
Company, 92 (sidereal) by the Waltham Watch Company, 106, 110, 116, and 117, all by 
the Elgin National Watch Company. 

XLII. Dip-of-horizon measurers. (1) Dip-of-horizon measurer 4048 by Carl Zeiss; 
(2) micrometer dip-of-horizon measurer 4031 by Carl Zeiss, loaned by the United States 
Coast and Geodetic Survey until July 1915, designated as No. 1 of that survey; (3) dip- 
of-horizon measurer 5490 by Carl Zeiss. 

Meteorological Instruments and Miscellaneous Equipment. 

XLIII. Meteorological instruments. Same as for Cruise III, 1 with the exception of 
boiling-point apparatuses 3, 4, and 6, and thermometer Bureau of Standards number 4146, 
and with the addition of the following: (1) Boiling-point thermometers for work at sea, 
Bureau of Standards numbers 7828, 8119, and 8731; (2) special reading telescope and 
mounting for boiling-point work at sea, designed and constructed by the Department of 
Terrestrial Magnetism. 

XLIV. Miscellaneous equipment. Same as for Cruise III, with the addition of the 
following. (1) experimental apparatus 1 for the determination of ship’s motion, designed 
and constructed by the Department of Terrestrial Magnetism; (2) motion-picture camera 
and appurtenances. 

GENERAL PROPERTY AND SUPPLIES. 

Besides the instrumental equipment listed on pages 203-211, the general property 
and supplies on board the Carnegie, 1909-1916, in addition to what were necessary for the 
maintenance of the ship, were about as follows: 

I. Navigation charts, maps, and atlases of various kinds. 

II. Library of books on astronomy, navigation, magnetism (general and terrestrial), general 
physics, atmospheric electricity, general chemistry, meteorology, geography, geology, 
biology, sailing ship (sails and sail-making, etc.), encyclopedias, dictionaries, and general 
literature. The total number of books in the library is about 1,200, of which 1,000 relate 
to scientific and professional subjects. The library contains a complete set of the publica- 
tions of the Carnegie Institution of Washington. 

III. Medical books and miscellaneous supplies. 

1 Metnc scales and verniers were added to the mercurial barometers 3948 and 4177 m February 1915, 




SPECIMENS OF OBSERVATIONS AND COMPUTATIONS. 

The following specimens of observations and computations, applying to the 
date August 23, 1913, will assist in making clear the methods followed on the 
Carnegie, and will serve to illustrate a typical day’s observations at sea. The 
observing conditions will be found stated on the forms. The roll of vessel was 
about 4° starboard to 4° port; hence, the total roll, from side to side, was about 8°. 

MAGNETIC OBSERVATIONS AND COMPUTATIONS. 

Reference to the instructions for the magnetic work on Cruise II (pp. 317-322), and to 
the detailed description of methods followed in the Galilee work (pp. 33-57), will doubtless 
furnish the information required on any matter which may not be wholly understood from 
the forms themselves. Specimens illustrating shore work will be found in Volume I, pages 
30-41. For specimen determinations of instrumental constants, see pages 234-250. 

Declination Observations, August 23, 1913. 

Observations withmarine collimating-compass . — Form 21a, page 213, illustrates the record 
of observations for magnetic declination made with the marine collimating-compass (Cl). 
The specimen gives the first 4 of 20 sets made during a period of 11 minutes by two observ- 
ers, P and S. The scheme of observation calls for 5 sets by one observer, next 10 sets by 
the other observer, and finally, 5 sets again by the first observer. The mean results of 
the two observers are therefore comparable, referring as they do to the same time and to 
the same geographic position of ship. There are 10 readings in each set; hence, a complete 
determination by this one instrument consists of 200 readings. The times are noted by 
watch M, which requires a correction of +9 h 19 m 53, as indicated in the portion headed 
“ Chronometer Comparisons.” It should be noted that the standard chronometer rate 
has been adjusted for sea rate, as was subsequently determined on arrival at the next port. 
Since this correction affects the longitude by precisely the same amount, the local apparent 
time of the original computation remains unaltered. 

The scale readings have been taken in this specimen at exact intervals of 3 seconds, 
called out to the observer by the recorder. The observed angle between the Sun and 
scale, Ao, is corrected, if necessary, for index error to obtain A of the formula (6), page 
181. The altitude of the Sun’s estimated center, ho, is measured by a third observer 
between the fifth and sixth readings of each set. An index correction, O', and the dip of 
the horizon, -4' (-0?07), are applied to h 0 to obtain h of the formula. 

The observed quantities or their means corrected as above stated are transferred to 
Form 26 or 26a for computation. Form 26 (p. 215) is used for low altitudes of the Sun, 
for then the approximate formula (6), page 181, and the corresponding tables are especially 
suitable. When, however, the Sun is so high that the interpolation becomes laborious 
or the limits of the tables are exceeded, then the alternative form (26a) is used. Examina- 
tion of the latter form, of which a specimen is given on page 214 merely to illustrate the 
use of the rigorous formula for computing the angle A, shows that it is divided into two 
parts. The upper part contains the means of the observed quantities corrected and 
arranged in 4 groups of 5 sets, one group for each scale observed by each observer. The 
means of each group are then transferred to the places indicated in the lower part of the 
computation. The scale readings are reduced to center by subtracting 5 divisions from 
each and converting the results into degrees of arc. These quantities are then added 
algebraically to the scale constants, -)-0?37 and 180°31, and carried down and entered at 
constant + a” near the bottom of the form. From the values of m, h, and A the angle A 
is computed and applied directly to the values of “constant + a” by which operation the 
magnetic bearing of the Sun from south around by west is obtained. The astronomic 
azimuth is computed from any convenient azimuth tables with the arguments, Sun’s 
declination, latitude, and local apparent time. The difference between this azimuth and 
the magnetic azimuth is the magnetic declination. 
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Ocean Magnetic Observations: Declination (D) 

(Form 21a) 


Station' At sea 

Date: Sat , Aug 23, 1913, P M. 

Compass: Cl 

Weather: be Sea: S 


Lat: 39° 44' 1ST 
Vessel: Carnegie 
Ohs f r P and S. 
Wind: SSW, 2 


Long • 39° 50' W 
Com’d’r: W J. P. 
Rec’d’r- N. M. 
Roll: 4° s to 4° p 


Num- 

ber 

Set I 

Set II 

Course NNE 

Scale N 

Course NNE 

Scale N 

Time by 
Watch M 

Window 

3 

Time by 
Watch M 

Wmdow 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Means 

h m s 

8 49 51 
54 
57 
50 00 
03 
06 
09 
12 
15 

50 18 

d 

4 0 

6 2 

3 8 

5 5 

4 0 

5.1 

5 0 

3 7 

5 9 

4.2 

h m s 

8 50 21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

d 

6 0 

4 0 

6 1 

4 1 

5.9 

4 5 

5 2 

5 0 

4 8 

5 2 

8 50 04 

4 74 

8 50 34 

5 08 

Ao=55° 00’; ft 0 = 5°40' 

Ao=55°00'; A 0 =5°35' 

Num- 

ber 

Set III 

Set IY 

Course NNE 

Scale N 

Window 

3 

Course NNE 

Scale N 

Wmdow 

3 

Time by 
Watch. M 

Tune by 
Watch M 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Means 

h m s 

8 50 51 
54 
57 

51 00 
03 
06 
09 
12 
15 

51 18 

d 

5 1 

4 9 

4 7 

5 3 

4 1 

5 7 

5 0 

4 4 

5 2 

4 6 

h m s 

8 51 21 
24 
27 
30 
33 
36 
39 
42 
45 
48 

d 

4 8 

6 0 

4 0 

6 3 

4 5 

5 0 

5 6 

5 1 

5 2 

5 4 

8 51 04 

4 90 

8 51 34 

5 19 

Ao= 55° 00'; ^o = 5° 30' 

Ao=55° 00'; Ao =5° 24' 


Remarks 


Magnetic articles removed: Yes 
Large sextant used 
Index correction to A 0 : O' 
Index correction to ho' O' 

Dip of horizon. 4' 


CHRONOMETER COMPARISONS 


Chron 53862 
Corr’n on 
GMT 1 
G M. T 
E 

G A. T. 
Long 
L A. T 
Watch M 

Watch Mon 
L. A T 


Before 


h m s 
8 49 20 

+12 00 41 
20 50 01 
2 32 
20 47 29 
- 2 39 20 
18 08 09 
8 48 37 


+ 9 19 32 


After 


h m s 
9 04 35 

+12 00 41 
21 05 16 
2 32 
21 02 44 
- 2 39 20 
18 23 24 
9 03 52 


+ 9 19 32 


Mean corr’n Watch M on L A T.+9 h 19 m 53 


Adjusted for sea rate 


On Form 26 the means are entered and the values of a and “constant + a” are deter- 
mined in exactly the same manner as on Form 26a. The angle A, however, is obtained 
by applying two corrections to the angle A, the first, designated “Tabular Reduction,” 
being taken directly from Table 46, page 182, and the second, “Red’n of Scale to Horizon,” 
is the product of the respective values of scale altitude and the factor obtained from Table 47. 

Observations with sea deflector . — The observations of magnetic declination with the sea 
deflector (D4), made at the same time as those with the standard compass (Cl), are shown 
in the specimen on Form 21a, page 215. In all, 20 sets of readings, si m il a r to sets I, II, III, 
and IY given in the specimen, were taken. The computation is shown on Form 22, page 
216. The various steps are made clear by the column-headings. The correction — 0?08, 
applied to the observed values of D, is derived from Table 55, page 236. 
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Ocean Ma&netic Observations, 1905-16 


Computation of Declination Observations with Marine C ollimating-C ompass Cl 

{Form 26a) 

Date: Sat., Aug. 23, 1913, P. M. Lat: 39° 44' N Long: 39° 50' W 

Scale constants: S, +0737, scale alt , — 0? 17, Vessel’ Carnegie Corn'd'? W J. P 

scale val , 0°98; N, +180731; scale alt , Obs'r P. and S. Comp'r: C C C 

+0°35, scale val., 0°99;£= +0 453 c.G s Sun’s Decl'n: +11°45 Reviser’ W. J. P. 


Set 

No. 

Window- and scale . 3-N Obs’r. S 

Set 

No 

Window and scale. 

L-S Obs’r: P 

LAT 

Scale 

reading 

A 

h 

L 

A T 

Scale 

reading 

A 

h 


h 

in 

d 

o 

0 


h 

TYl 

d 

0 

Q 

I 

18 

09 60 

4 74 


5 60 

VI 

18 

12 76 

4 92 


5 07 

II 


10 10 

5 08 


5 52 

VII 


13 26 

5 17 


4 95 

III 


10 60 

4 90 


5 43 

VIII 


13 76 

5 05 

. 

4 85 

IV 


11 10 

5 19 


5 33 

IX 


14 26 

5 00 

, 

4 75 

V 


11 60 

5.15 


5 23 

X 


14 76 

5 55 

♦ - 

4 67 

Means 

18 

10 60 

5 01 

55.00 

5 42 

Means 

18 

13 76 

5 14 

125 50 

4.86 


Window and scale 3-N Obs'r* P 


Window and scale* 

1-S Obs'r* S 


h 

m 

d 

o 

0 


h 

m 

d 

o 

o 

XI 

18 

15 86 

5 45 


4 47 

XVI 

18 

19 00 

4 68 


3 92 

XII 


16 36 

5 67 


4 38 

XVII 


19 50 

4 52 


3 82 

XIII 


16 86 

5.75 


4 30 

XVIII 


20 00 

4 75 


3 72 

XIV 


17 36 

5 53 


4 22 

XIX 


20 50 

4 74 


3.62 

XV 


17 86 

5 75 


4 15 

XX 


21 00 

4 87 


3 53 

Means 

18 

16 86 

5 63 

54 50 

4.30 

Means 

18 

20 00 

4 71 

127 00 

3 72 


Set Number 

Ship's Heading 

Window and Scale 

I to V 
NNE 

3-N 

VI toX 
NNE 

1-S 

XI to XV 
NNE | 
3-N 

XVI to XX 
NNE 

1-S 


h 7ii 

h m 

h m 

h 7n 

LAT 

18 10 60 

18 13 76 

18 16 86 

18 20 00 


d 

d 

d 

d 

Scale Reading 

5 01 

5 14 

5.63 

4 71 

Scale —5 00 

+0 01 

+0 14 

+0 63 

-0 29 

Reduction to Center * a 

+0?01 

+0°14 

+0762 

— 0°28 

m ** Scale Altitude 

+0°35 

— 0°17 

+0°35 

— 0?17 

h 

5 42 

4 86 

4 30 

3 72 

A 

55 00 

125 50 

54 50 

127 00 

8 

30 38 

65 10 

29 58 

65 28 

s-h 

24 96 

60 24 

25 28 

61 56 

s-^rn 

30 03 

65 27 

29 23 

65 45 

Log sin (s-h) 

9 625SO 

9 93858 

9 63047 

9 94415 

Log sin (s-m) 

9 69936 

9 95822 

9 68870 

9 95885 

Log sec h 

0 00195 

0 00156 

0 00122 

0 00092 

Log sec m 

0 00001 

0 ooooo 

0 00001 

0 00000 

Log sm2 J A 

9.32662 

9 89836 

9 32040 

9 90392 

A 

— 54785 

+125764 

-54743 

+127?09 

Constant + a 

180 32 

0 51 

180 93 

0 09 

Mag'c Azimuth 

125 47 

126 15 

126 50 

127 18 

Astron Azimuth 

100 51 

101 01 

101 49 

101 98 

Magnetic Declination 

-24 96 

-25 14 

-25 01 

— 25 20 


Mean Magnetic Declination (D): — 25°08 
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Computation of Decimation Observations with Marine Collimatmg-Compass Cl 


(Form 26) 

Date' Sat , Aug 23, 1913, P M. Lot 39° 44' N 

Scale constants S, 4-0°37, scale alt , — 0?17, Vessel • Carnegie 

scale val , 0°98; N, -fl80°31, scale alt, Obs’r P and S 

+0°35; scale val , 0°99; Z= 4-0 453 c g s Sun’s Decl’n * +11°45 


Long: 39° 50' W 
Com’d’r W. J P. 
Comp’r . C C. C. 
Reviser . W. J. P 


Set Number 

Ship's Heading 

Observer 

Window and Scale 

ItoV 

NNE 

HRS 

3-N 

YI toX 
NNE 

W. J P 
1-S 

XI toXY 
NNE 

W J P 
3-N 

XYItoXX 

NNE 

H. R. S. 
1-S 

L. A. T 

Scale Reading 

Scale Reading —5 00 
Reduction to Center = a 
Altitude, h 

h m 

18 10 60 
d 

5 01 
+0 01 
+0°01 

5 42 

h m 

18 13 76 
d 

5 14 
4-0 14 
+0T14 

4 86 

h m 

18 16 86 
d 

5 63 
+0 63 
+0°62 

4 30 

h m 

18 20 00 
d 

4 71 
-0 29 
— 0?28 

3 72 

Angle to Sun, A 

Tabular Reduction 

Red'n of Scale to Horizon 

55°00 
-0 18 
+0 04 

125°50 
4-0 15 
-0 02 

54°50 
-0 12 
+0 03 

127 °00 
4-0 09 
-0 01 

A 

Constant + a 

Mag'c Azimuth 

Astron. Azimuth 

Magnetic Declination 

-54?86 
180 32 
125 46 
100 51 
-24 95 

4- 125? 63 

0 51 
126 14 
101 01 
-25 13 

— 54°41 
180 93 
126 52 
101 49 
-25 03 

-fl27°08 

0 09 
127 17 
101 98 
-25 19 


Mean Magnetic Decimation (D): — 25?08 


Ocean Magnetic Observations* Decimation (D) 

(Form 21a) 

Station At sea Lot' 39° 44' N Long 39° 50' W 

Dat- Saf Aug. 23, 1913, P. M Vessel: Carnegie Com’d’r: W. J P 

Compass: befl’r 4 (D4) Obs’rs C and H a ?o d C 

Weather: be Sea * S Wind: SSW, 2 Roll. 4 s to 4 p. 


Num- 

ber 


Set I 


Course NNE 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

Means 


Num- 

ber 


Time by 
Chron 256 


h m s 
9 18 30 


9 18 49 


Card 

Reading! 


Course NNE 


306 5 

5 3 

6 2 
6 6 
5 9 
5 3 

5 8 

6 0 
5 4 
5 3 


Set II 


Time by 
Chron 256 


m 

18 


s 

51 


19 11 


9 18 40 305 83 9 19 01 305 67 


Card 

Readingl 


306 1 
5 2 

5 7 

6 0 
5 5 
5 

5 

5 

5 

5 


Remarks 


Magnetic articles removed. Yes 


Set III 


Course NNE 


Time by 
Chron 256 


10 

Means 


h m s 
9 19 13 


9 19 35 


9 19 24 


Card 

Reading] 


Course NNE 


305 5 


5 3 


305 48 


Set IY 


Time by 
Chron. 256 


h m s 
9 19 37 


19 57 


9 19 47 


Card 


305 7 


5 7 


305 37 


CHRONOMETEE 

COMPARISONS 




Before 


After 



h 

m 

s 

h 

m 

s 

Chron. 53862 
Corr'n on 

8 

49 

20 

9 

02 

40 

G M. T 1 

+12 

00 

41 

+12 

00 

41 

GMT 

20 

50 

01 

21 

03 

21 

E 

— 

2 

32 

— 

2 

32 

G A. T 

20 

47 

29 

21 

00 

49 

Long 

- 2 

39 

20 

- 2 

39 

20 

L. A T. 

18 

08 

09 

18 

21 

29 

Chron 256 

9 

17 

18 

9 

30 

38 

Chron 256 on 







L. A. T 

+ 8 

50 

51 

4- 8 

50 

51 


Mean corr’n Chron 256 on L A T +8 h 50 m 85 


Adjusted for sea rate. 
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Ocean Magnetic Observations, 1905-16 


Computation of Declination Observations with Sea Deflector D4 

(Form 22) 

Date: Sat , Aug 23, 1913, P. M Lot: 39° 44' N Long: 39° 50' W 

Vessel: Carnegie Obs’rs. C and H. Comp’r: 0. C C. 

Com’d’r. W. J. P. Sun’s Decl’n: -f- 11*45 Reviser * W. J P. 


Set No 

Time by 
Chron. 
256 

Local 

Apparent 

Time 

Sun by 
Compass 

Sun's 

Azimuth 

Obs’d 

Decl'n 

Do 

Corr'n 
to D 0 

Corr’d 

Decl'n 

D 

Remarks 


h m 

h m 

0 

0 

0 

° 

o 


I 

9 18 67 


125 83 






II 

19 02 


5 67 






III 

19 40 


5 48 






IV 

19 78 


5 37 






V 

20 17 


5 61 





Obs'r, 

XVI 

28 00 


6 88 





[C.C c. 

XVII 

28 27 


7 04 






XVIII 

28 58 


7 00 






XIX 

28 93 


7 14 






XX 

29 33 


7 09 






Means 

9 24 02 

18 14 87 

126 31 

101 18 

—25.13 

-0 08 

-25 21 


VI 

9 21 97 


125 66 






VII 

22 30 


5 73 






VIII 

22 62 


5 85 






IX 

22 93 


5 72 






X 

23 27 


6 07 





Obs’r, 

XI 

24 73 


6 43 





W. H 

XII 

25 03 


6 08 






XIII 

25 33 


6 19 






XIV 

25 63 


6 23 






XV 

25 97 


6 27 






Means 

9 23 98 

18 14 83 

126 02 

101 17 

-24 85 

-0 08 

-24 93 



Mean Magnetic Declination (D) — 25?07 


Horizontal-Intensity Observations, August 23, 1913. 

Specimen observations of horizontal intensity with sea deflector, D4, are given on 
form 24b, page 217. By consulting the “scheme of observations,” page 194, the various 
entries will be readily understood. Sets I and II with magnet 45 at deflection distances 
1 and 3 are recorded completely. Two similar sets, III and IV, were obtained with magnet 
2L at deflection distances 1 and 3. The numbers attached to the readings for the deflector 
and the compass show the order in which the various readings were made in the respec- 
tive columns; for numbers 1 to 5 the columns were filled from left to right, whereas, for 
numbers 6 to 10 the columns were filled from right to left. It will be observed that for 
each position prescribed in the scheme of observation, 5 settings were made, yielding in all 
80 readings each for deflector and for compass. The 5 deflector-readings for distance Ul, 
north end of magnet E, with corresponding compass-readings, were completed before 
passing to next position, etc. 

When obtaining the means (1), it should be noted that, in accordance with the con- 
struction of the deflector, the quantity, 90°, is to be subtracted from readings for north 
end of magnet east, and added to the readings for north end of magnet west. The moans 
(2) are the mean values of the 10 compass-readings in each column. The diff erences (3) 
result from subtraction of (2) from (1) for north end of magnet east, and (1) from (2) for 
north end of magnet west. Were the instrumental adjustments perfect, the differences (3) 
would be directly the deflection angles, u, affected alone by errors of observation. To 
eliminate outstanding defects of adjustment, the mean of the 4 differences, for each dis- 
tance, is the final value of u. 
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Ocean Magnetic Observations: Horizontal Intensity ( 27 ) 

(Form 245) 


Station: At sea Lat: 39° 29' N 

Date . Sat, Aug 23, 1913, P.M Vessel Carnegie 
Deflector: No 4 (D4) Compass: No 39670 

Course’ NNE Weather . be 


Long: 39° 51' W 
Com’d’r W J. P. 
Chron’r 256 
Roll 3° s to 4° p. 


DejFr OJwV: H. R S, 
Comp ObsW'W J P 
Wind : S, 2 
Sea: S to M 


Magnet, Set 


Mag 45, Set I 



Mag 45: Set II 












Vernier 

Distance 

U1 

LI 

LI 

U1 

U3 

L3 

L3 

U3 


N. End Magnet 

E 

E 

W 

W 

W 

W 

E 

E 



Deflector Readings 


Sight Line 

L2 to 180° 

L2 to 0° 

L2 to 180° 



0 

o 

o 

0 

o 

o 

o 

o 


Reading 1 

322 7 

327 8 

81 3 

81 9 

90.5 

87 4 

316 8 

314 7 

A 

“ 2 

323 1 

327 4 

81 8 

82 5 

91 0 

87 8 

317 6 

314 9 

A 

“ 3 

323 7 

328 0 

81 4 

80 9 

90 0 

89 0 

317 2 

314 2 

A 

« 4 

323 9 

328 6 

80 4 

79 0 

89 5 

88 5 

316 9 

314 2 

A 

“ 5 

324 6 

328 2 

80 8 

79 0 

88 0 

88 4 

315 5 

314 3 

A 

Sight Line 

L2 to 0° 

L2 to 180° 

L2 to 0° 



0 

o 

o 

0 

o 

o 

o 

0 


Reading 6 

323 2 

327 2 

76 6 

78 5 

88 0 

85 4 

314 9 

313 4 

B 

« 7 

326 0 

329 1 

77 2 

78 3 

86 8 

86 2 

314 9 

317 0 

B 

« 8 

326 5 

329 6 

79 1 

77.4 

88 6 

87 9 

313 9 

318 0 

B 

« 9 

326 7 

329 1 

81 9 

77 8 

88 8 

88 2 

313 3 

316 9 

B 

« 10 

325 5 

329 0 

83 4 

78 3 

90.0 

89.0 

313 3 

317 3 

B 

(1) Means =f 90° 

234 59 

238 40 

170 39 

169 36 

179 12 

177.78 

225 43 

225 49 

202 ?57 


Compass Readings 

Means 


o 

o 

o 

0 

o 

o 

o 

o 

o 

Reading 1 

200 4 

203 5 

205 3 

203 5 

203 8 

202 2 

201 9 

201 2 

202 7 

« 2 

201 0 

202 8 

205 5 

204 1 

204 1 

202 6 

202 6 

201 0 

203 0 

« 3 

201 5 

203 5 

205 3 

202 5 

203 2 

203 7 

202 3 

200 9 

202 9 

« 4 

201 8 

204 3 

204 5 

201 1 

202 7 

203 1 

202 4 

201 0 

202 6 

“ 5 

202 3 

203 8 

204 9 

200 9 

201 5 

203 1 

200 6 

200 9 

202 2 

“ 6 

200 9 

202 5 

200 8 

200 9 

201 2 

200 0 

200 3 

200 3 

200 9 

“ 7 

203 7 

204 4 

201 5 

200 3 

200 3 

201 2 

200 0 

203 7 

201 9 

« 8 

204 8 

205 2 

203 2 

199 3 

201 9 

202 5 

199 1 

204 6 

202 6 

« 9 

204 6 

204 9 

205 6 

199 8 

202 3 

203 0 

198 6 

203 7 

202 8 

“ 10 

203 3 

204 5 

207 1 

200 1 

203 2 

203 5 

198 6 

204 0 

203 1 

(2) Means 

202 43 

203 94 

204 37 

201 25 

202 42 

202 49 

200 64 

202 13 

202 °46 

(3)DrfFrfr 1 & 2 

32 16 

34 46 

33 98 

31.89 

23 30 

24 71 

24 79 

23 36 


Defl’n Angle, u 


33 

°12 


24? 04 



Computations 

Beginning 

Ending 

Means 
Corr'n 256 

L M. T 

Set I 

Set II 

Set 

Mag and Dist 

L M. T 
t 

u 

Log mC 

Log sm u 

Log H 

H 

Mean H 

I 

II 

hi 

IV 

Time 

Temp 

Time 

Temp. 

45, 1 
h m 
14 37 
28°4 
33°12 

45,3 
h m 
14 35 
28 °4 
24° 04 

2L, 1 
h m 
14 35 
28 °2 
27°44 

2L, 3 
h m 
14 35 
28°2 
20?16 

h m 

5 09 

6 18 

°C 

28 4 
28 4 

h m 

5 16 

6 08 

°c 

28 4 
28 4 

5 44 
+8 53 
14 37 

28 4 

5 42 
+8 53 
14 35 

28 4 

9 0535 

9 7375 

8 9275 

9 6100 

8 9827 

9 6635 

8 8556 

9 5374 

9 3160 

9 3175 

9 3186 

9 3182 

Magnetic articles removed Yes 

Remarks: Vessel pitching about 2° 

Computer: W. J. P. 

Reviser: HRS 

0.2070 

0 2077 

0 2083 

0 2081 

0 2078 
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The series of observations with magnet 2L at distances 1 and 3, similar to that with 
magnet 45, was made between the first half (first 40 readings, 1 to 5) of the observations 
vdth magnet 45 and the second half (second 40 readings, 6 to 10), or during the time, 
5 25 m to 5 h 59 m , as given by chronometer 256. During this period, magnet 45 was removed 
from the observing-house and stowed at a safe distance. The local mean times of observa- 
tions with each magnet and for each distance, as will be seen from the computations, are 
the same within 2 minutes. 

The computations of H are given in the lower part of the same form. The formula 
for computing H is given on page 236, and the values of log mC are obtained from Table 57, 
page 238. It will be seen that the 4 values of H (0.2070, 0.2077, 0.2083, 0.2081), resulting 
from the observations at two deflecting distances with magnets 45 and 2L, are in fair 
accord. The means in the last column give the mean readings of ship’s biding during 
the observations. The mean (1) of the deflected card-readings for sea deflector 4 is 202757; 
the mean (2) of the direct readings with compass 39670 is 202?46; the two independently 
derived mean readings of ship’s heading thus differ only 0?1. The mean rea ding of ship’s 
heading, by deflector and compass, is 202?5, which corresponds to the heading NNE, on 
which it was aimed to hold the vessel. A special form (25a), not given here, has also been 
devised for disclosing readily any defective readings of deflector or of compass. 

A specimen determination of instrumental constants for the sea deflector will be found 
on page 240. 


Total-Intensity Observations, August 23, 1913. 


Specimens of total-intensity observations and computations for August 23, 1913, with 
sea dip-circle 189, are shown in Form 28 (loaded-dip observations) and Form 28a (deflec- 
tion observations), pages 219 and 220. 

The scheme of observation consisted of set I, loaded dips, next deflections with both 
short and long distances, and finally set II of loaded dips. (See also p. 221.) It will be 
seen that, in the case of the loaded dips, the extreme positions taken by loaded needle, as 
it swings to and fro, are recorded 1 to the nearest degree. In the deflection observations 
it is necessary always to set the vertical thread of the microscope on middle of arc of 
swing of suspended needle. Only the deflection observations for short distance are 
given, the method of observing being the same for long distance. Before proceeding with 
the computation of the horizontal intensity, H, from the total-intensity observations, it is 
necessary to determine the adopted value of the inclination, I. At the bottom of Form 
28a, P-220, will be found a summary of the values of I, derived from the various observa- 
tions (deflected dip, needle 7, short and long distances; regular dip, needles 5 and 9; earth- 

^acoorf aSl- .^ e a dppted value of J, after the corrections on standard are applied, is 
-|-o5^20. This is used in getting the angle u — I — I', and in the computations of H. 

Referring to the formulae on page 247, the methods of computing H from loaded dips 
and from deflections, given at bottom of form 28, page 219, will be readily understood. It 
will be seen that values of H are: 0.2084 (deflections, short distance), 0.2102 (deflections, 
long distance), and 0.2077 (loaded dips) ; the mean is 0.2088. The accord shown between 
e 3 values of H ) derived from the total-intensity observations with the sea dip-circle, 
represents about the average case; sometimes the accord is considerably better, at other 
times worse. The mean value of H agrees with that derived from the sea-deflector observa- 
tions to within 0.0010 c.g.s., which must be regarded as satisfactory. 


is suWect to dZfi! 1 ZfJ™ field of m j C J ro3COpe ’ a hand ma 8“ aer . ‘8 used. As the needle, owing to the ship’s motions, 
follow the scheme nf nWrvat * causingsudden, spasmodic, and erratic displacements, it has not been found practicable to 
Sht W$th ont on the “eft etc * y * ml ° 3win ® combining, for example, two readings of extreme pontoon on the 
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Ocean Magnetic Observations. Total Intensity (F by Loaded-Dip Method) 

(Form 28) 

Station: At sea Lat. 39° 29' N Long * 39° 51' W Obs’r C C C 

Date: Sat , Aug 23, 1913, P M. Vessel Carnegie ComldW' W J P Rec’d’r C W H 

Dip circle' D C 189 Weather, be Sea S to M ChronW 256 Comp’r C W H. 

Needle 8 loaded, wt , 11 Course NNE Wmd m S, 2 j Roll' 3° s to 4° p Reviser C C. C. 


End of needle marked A north down I 

Circle East 

Circle West 

Circle West Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

o o 

224 to 228 

6 8 

7 8 

5 6 

5 7 

O 0 

44 to 48 

4 6 

4 7 

6 8 

7 8 

o o 

312 to 313 

1 4 

2 4 

3 4 

3 4 

0 o 

133 to 134 

2 4 

3 4 

3 5 

2 4 

0 0 

314 to 315 

2 4 

2 4 

3 5 

2 4 

O 0 

131 to 136 

1 5 

2 5 

2 4 

2 6 

0 o 

224 to 228 

5 6 

5 7 

5 8 

7 8 

o o 

46 to 47 

6 7 

6 8 

6 7 

6 7 

226 °4 

46 

46 °2 

30 

46 

313°0 

46 

J 55 

Mean 

133?4 

80 

V: +46°52 

313°5 

46 

w=J-J' = 4 

133°4 

’55 

46* 

-18?68 

226°3 

46 

’50 

46 °6 
>45 

End of needle marked A north down II 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

o o 

224 to 226 

6 8 

5 6 

3 6 

6 7 

O 0 

44 to 45 

5 8 

7 8 

5 6 

4 7 

o o 

312 to 313 

2 3 

3 4 

3 4 

2 4 

0 o 

131 to 134 

3 5 

4 5 

1 3 

2 4 

o o 

312 to 314 

2 3 

2 5 

4 5 

2 3 

o o 

133 to 135 

2 3 

2 3 

2 3 

1 3 

0 o 

227 to 228 

7 8 

6 7 

6 7 

6 8 

o o 

46 to 47 

6 7 

6 8 

7 8 

6 8 

225?7 

45 

45 °9 

°80 

46 

313?0 

46 

°35 

Mean 

133?2 

°90 

F +46°68 

313°2 

47 

u =i-r=- 

132°7 

?05 

47 

R8?52 

227 °0 

46 

?oo 

46°9 

.95 


Set I 

Set II 

Chron’r 53862 

Corr'n on G M T 

G. M T 

Long 

L M T 

No 256 reads 

No 256 on L M T. 

Gimbal circle reads: 22 

h m 

4 36 0 
4-12 00 7 

16 36 7 
- 2 39 4 
13 57 3 

5 03 9 

Time 

Temp 

Time 

Temp 

Beginning 

Ending 

Mean 

L M T. 

Magnetic articles remc 

h m 

5 18 
21 

°C 

28 8 

8 8 

h m 

6 02 
04 

°C 

29 2 

9 4 

5 20 
14 13 

oed. Yes 

28 8 

6 03 
14 56 

29 3 

+ 8 53 4 

5 ?5; 202? 5 

Computation of H from Deflections 

Computation of H from Loaded Dips 

Distance 

Short 


Long 


u 

Log esc u 

Log cos (J'*4»46?60) 

Log cos I 

Log Ci at 29°0 C 

Log H 

H 

+18°60 


Ui 

Log esc ui 

Log cos I 

Log C d at 29°1 C 

Log H 

H 

36°48 


25° 08 


0 4963 

9 8370 

9 6227 

9 3614 


0 2258 
9.6227 

9 4704 


0 3728 

9 6227 

9 3271 


9 3174 


9 3189 


9 3226 


0 2077 


0 2084 


0 2102 



L. 
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Ocean Magnetic Observations: Total Intensity (F by Deflection Method ) 

(Form 28a, reverse side of Form 28) 


Station: At sea Lot: 39° 29' N 

Date. Sat., Aug 23, 1913, P. M Vessel: Carnegie 

Dip circle: D C 189 Chron’r: 256 

Needle * 7 suspended; 8, deflecting Course: NNE 
Weather: be Wind S, 2 

Sea. S to M Roll 3° s. to 4° p. 


Long: 39° 51' W 
Com’d’r. W J. P. 
OhsW. C C. C. 
Rec’d’r: C W. H. 
CompW: C. W. H. 
Reviser: C. C C 


End of suspended needle marked A north Distance: Short 

Circle East 

Circle West 

Needle Face East 

Needle Face West 

Micro. Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

0 

209 0 

9 0 

o 

29 0 

8 8 

0 

282 0 

2 0 

0 

101.5 

2 0 

0 

258 0 

8 5 

o 

78 0 

8 5 

0 

331 5 

1 5 

0 

151 5 

1 5 

208?95 

65 42 

281°88 

36 46 

Mean/: +65? 

258°25 

36 62 

27 Meanu 1 :36?54 

331°50 

65 12 

Suspended needle turned face about on bearings Distance: Short 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Micro Direct 

Micro Reversed 

Micro. Reversed 

Micro. Direct 

S 

N 

S 

N 

S 

N 

S 

N 

0 

330.8 

1 2 

o 

150 2 

0 5 

0 

258 0 

8.0 

o 

78.0 

8.0 

0 

281 0 

1 0 

0 

101 0 

1 5 

o 

208 0 

8 0 

o 

28 5 

8 0 

330?68 

65 66 

258°00 

36 34 

Mean I +65°14 

281? 12 

36 50 

Meanui: 36?42 

208° 12 

64 62 

Resulting Dip, I : +65?20 Resulting Defleetion-Angle, Ui. 36?48 

Time, Temperature, Remarks 

Summary of /-values, Aug 23, 1916 

Beginning 

Ending 

Means 

L. M. T. 

Magnetic artwh 

Time 

Temp 

Instr. 

Needh 

Observed 

I 

Cor- 

rect 

Corr'd 

I 

Wt 

h m 

5 27 

5 58 

°C 
29 1 
29 1 

D C 11 
D C 11 

t* n i 

$9 

$9 

59 

59 

7S 

7L 

5 

9 

ean 

0 

+65 20 
+65 42 
+65 29 
+64 99 

0 

+0 02 
-0 10 
-0 07 
+0 08 

o 

+65 22 
+65 32 
+65 22 
+65 07 

1 

1 

2 

2 

5 42 

29 1 

U. kj. JLi 

D. C. U 

14 35 

rp.mnnpn 


Weighted M 
E. I 3 

+65 22 

-0 02 

+65 19 
+65 20 


Gimbal circle reads: 22? 5 and 
202 °5 

Adopted I 

+65.20 
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Inclination Observations, August 23, 1913. 

Observations with sea dip-circle. — Form 27, page 222 gives specimen inclination- 
observations by the direct or absolute method, using sea dip-circle 189, regular dip-needle 5, 
observing in all positions of circle and needle, inclusive of reversed polarity of needle . 1 
Similar observations were made with needle 9. (For values by indirect method, see p. 218.) 

The scheme of observing was: ( 1 ) dip with No. 5, B end down; ( 2 ) dip with No. 9, 
B end down; (3) loaded dip with needle 8 ; (4) deflections, short distance, first half; 
(5) deflections, long distance, first half; ( 6 ) deflections, long distance, second half; (7) 
deflections, short distance, second half; ( 8 ) loaded dip with No. 8 ; (9) dip with No. 9, 
A end down; ( 10 ) dip with No. 5, A end down. 

As in the case of the loaded-dip observations, the extreme positions of the swinging dip- 
needle are recorded to nearest degree. For each extreme position, 5 readings are taken. 

The results are given in the summary, bottom of Form 28a, page 220. The values of 
I by needles 5 and 9, referred to standard, are: +65? 22 (No. 5) and +65?07 (No. 9). 
The mean, 65? 14, agrees within 0?06, or 4', with the earth-inductor value (+65?20). 

Observations with marine earth-mductor. — Specimens of inclination observations and 
computations for August 23, 1913, with marine earth-inductor 3, are shown in Form 29 
(earth-inductor observations) and Form 29a (galvanometer readings), pages 223 and 224. 

The scheme of observation followed was as given on page 201. Galvanometer scale- 
readings similar to the specimen were made for each group of 4 vertical-circle (V. C.) 
settings, i. e., for each position (a) commutator up with gimbal direct; ( 6 ) commutator 
down with gimbal direct; (c) commutator down with gimbal reversed; and (d) commutator 
up with gimbal reversed. There were thus 3 additional pages of galvanometer readings 
similar to the specimen for the complete specimen set of I with the earth inductor. The 
sequence of the additional galvanometer readings is indicated by the numbers in the columns 
headed “Settings” on the specimen Form 29. The galvanometer readings recorded under 
the heading r were made while the coil was spun by turning the crank mounted on the gimbal 
stand (see PI. 14, Fig. 5) in right-hand direction; those recorded under the heading l were 
made while the coil was spun by turning the crank in left-hand direction. A second series 
of observations, set II, gave for the same station and date the following values for inclina- 
tion: For commutator up with gimbal direct and reversed, +65?23; for commutator 
down with gimbal direct and reversed, + 65°29 ; or a mean value of +65°26. The observed 
value obtained with the marine earth-inductor from sets I and II was therefore, +65?22, 
which reduced to standard is +65? 20; the value obtained with sea dip-circle 189 at the 
same station is +65?19 (see p. 225). 

The determination of the balance correction, i. e., the correction on the vertical-circle 
setting, S n , to obtain the vertical-circle setting for the plane of inclination, S t , can be best 
shown by giving the computation of the corrections for vertical-circle settings Si and S 3 
(see also p. 201 ) : 

Correction on Q-^-) (5, - &) = ( 3 ^— 4 ) ( + 2°) = + 1?32 

Correction onS 3 = S t - £3 = L (S 4 - S 3 ) = ( ~° - — ) (+ 2 °) = + 0?10 

The value for inclination follows immediately from Si, bearing in mind that the vertical 
circle is graduated continuously from 0 ° to 360° in a clockwise direction, as one looks at 
the face of the circle. The verniers are fixed in position, while the circle bears a fixed rela- 
tion to the rotation-axis of the inductor coil such that when the rotation-axis of the coil is 
horizontal the two vernier-readings are 0 ° and 180°. 

iThe reversal of polarity is made by means of a small electric coil, mounted in forward observmg-dome, the magnetizing 
current being, of course, turned on only when no observations are being made 
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Ocean Magnetic Observations: Inclination (i) 

(Form 27) 


Station * At sea Lat: 39° 29' N 

Date. Sat., Aug 23, 1913, P. M Vessel Carnegie 
Dip circle D C 189 Chron’r: 256 

Needle 5 Course NNE 

Weather, be Wind S, 2 

Sea. S to M Boll 3° s to 4° p 


Long 39° 51' W 
Com’d’r W. J P 
Obs’i C C. C 
Rec’d’r C W II 
Corner. C. W H 
Reviser * C C C 


End of needle marked B down Micro. A Down 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Pace East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

o o 

244 to 246 

4 6 

4 6 

5 6 

5 6 

0 o 

64 to 66 

4 6 

4 6 

4 6 

4 6 

O 0 

294 to 296 

4 6 

4 6 

4 6 

4 6 

O 0 

114 to 116 

4 6 

4 6 

4 6 

4 6 

0 0 

294 to 296 

4 6 

4 6 

4 6 

4 6 

O 0 

114 to 116 

4 5 

4 6 

5 6 

4 6 

o o 

245 to 246 

5 6 

4 6 

5 6 

5 6 

o o 

65 to 66 

5 6 

5 6 

5 6 

5 6 

245° 2 

65 

65 °0 

°10 

65 ‘ 

295 °0 

65 

05 

115 °0 

*00 

Mean 

295 °0 

65 

+65?14 

115?0 

*00 

65 

245° 4 

65 

°22 

65?5 

°45 

Polarities reversed End of needle marked A down Micro A* Up 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

O 0 

244 to 246 

5 6 

5 6 

5 6 

5 6 

0 o 

65 to 66 

5 6 

4 6 

5 6 

5 6 

O 0 

293 to 295 

3 5 

3 4 

4 5 

4 5 

0 0 

114 to 115 

3 5 

3 5 

4 5 

3 5 

0 o 

292 to 295 

3 5 

4 5 

4 5 

4 5 

O 0 

114 to 115 

4 5 

4 5 

4 5 

4 5 

0 o 

244 to 245 
4 6 

4 6 

4 6 

3 6 

o o 

65 to 66 

4 5 

4 6 

4 5 

4 6 

245 °4 

65 

65 °4 
*40 

65 

294 °1 

6 1 

°62 

114°2 

>°85 

Mean 

294 °2 

65 

+65°44 

114°5 

.65 

65 

244° 8 

64 

*25 

64?9 

°85 

Besulting Dip, J* +65?29 

Time of beginning by ChronT 256 

Time of ending by Chron’r 256 

Mean time by Chron’r 256 

Corr’n of Chron’r 256 on L M T. 

Local mean time 

Magnetic articles removed* Yes 

Gimbal circle reads* 22 °5 and 202? 5 

h m 

5 09 

6 18 

5 44 
-f-8 53 

14 37 

Chron’r 53862 

Corr’n on G M T. 

GMT. 

Long. 

L. M. T 

No 256 reads 

No. 256 on L M T. 

h m 

4 36.0 
+12 00.7 

16 36.7 
- 2 39.4 

13 57.3 

5 03.9 

+ 8 53.4 
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Ocean Magnetic Observations: Earth-Inductor Observations for Inclination (I) 

(Form 29) 


Station: At sea 

Date: Sat , Aug. 23, 1913, P M. 
Instrument E. I 3; Galv’r Ml 
Horizontal circle 180°; 0° 

Gimbal circle . 22°; 202° 

Revolutions of crank per minute 120 


Lat • 39° 29' N 
Vessel: Carnegie 
ChronW: 256 
Weather . be 
Sea m S to M 
Course NNE 
Wind S, 2 


Long: 39° 51' W 
Com’d’r W J. P 
Obs’r. C W H. 
Rec'dW: HRS. 
Corner C C. C. 
Remser: C W. H. 
Roll * 4° s to 5° p. 



Commutator Up 


Commutator Down 






Gimbal Reversed 


+64 95 


113 30 
115 30 


295 30 33 295 52 -0 81 294 71 +65.29 

293 30 33 


Mean Inclination, Commutator Up 


+65.36 


Resulting Mean Inclination* +65°18 


Gimbal 

Commutatoi 


Time, Beginning 
Time, Ending 

Mean Chron’r Times 
Local Mean Times 


h m 
4 43 7 
48 3 

4 46 0 
13 39 4 


Mean Local Mean Time 

Remarks* Magnetic articles removed Yes 


Reversed 

Down 


4 51 0 4 56 0 
13 44 4 13 49 4 


Up 

h 

m 

4 

58 

7 

5 

02 

8 

5 

00 

8 

13 

54 

2 

13 

46 



Correction 


( d„ -d n+ i ) Ai 


Chron'r No. 53862 
Corr’n on G. M T 
GMT 
Long. 

L M T 
No 256 reads 


h m 

4 36 0 
+12 00 7 

16 36 7 
- 2 39 4 
13 57 3 

5 03 9 

+ 8 53 4 


Vessel pitching about 2° 


see Form 29a for values of d 
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Ocean Magnetic Observations: Earth-Inductor Observations (Galvanometer Readings) 

(Form 29a) 


Station: At sea 

Date Sat , A.ug 23, 1913, P M 
Instrument: Galv’r Ml 
Shunt. 100 Watch M 


Lot: 39° 29' 1ST 
Vessel Carnegie 
Obs’r: C C C 
Comp’r C C C 


Long • 39° 51' W 
Com’d’r . WJP 
Rec’d'r N M 
Reviser C W H 


V. C of Inductor 


V C Setting 


Crank Turn 


Scale Reading 1 
u « 2 


Means, 1 to 10 

Scale Reading 11 
“ “ 12 


Means, 11 to 20 
Means, 1 to 20 


Differences, r—l 


Time, Beginning 
Time, Ending 


d 


d 

+2 4—^2 


h m h m h m h m 
4 15 1 4 15 5 4 16 3 4 16 7 
15 4 15 8 16 6 17 0 


d 

-0 4 =d 3 

h m h m 
4 17 6 4 18 0 

18 0 18 3 


d 

+*7 

h m h m 
4 18 9 4 19 3 

19 2 19 6 


Mean Watch Times 4 15 2 4 15 6 4 16 4 4 16 8 4 17 8 4 18 2 4 19 0 4 19 4 


Mean Watch Time for Galv’r Readings for V C. Settings 1 to 4 
Watch Correction on Local Mean Time 1 

Local Mean Time for Galv’r Readings for V C Settings 1 to 4 


4 17 3 
4-9 221 

13 39 4 


Obtained fiom page 213 by applying the equation of time 
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Summary of Magnetic Observations on August 23, 1913. 

There have been included in the following summary of results of magnetic observations 
made in the afternoon of August 23, 1913, also the declination observations in the morning 
of the same day at station 1336 C II. 


Table 51 — Results of Magnetic Observations on August 2 8 , 1918 


Station 

Latitude 

Long 
East 
of Gr. 

Declination 

Inclination 

Horizontal Intensity 

LMT 

Value 

Inst 

Obs’r 

P 4 

LMT 

Value 

Instr 

Obs'r 

P 4 

LMT 

Value 

Instr 

Obs’r 

p 4 


0 t 

0 / 

h 

0 




h 

o 




h 

c g s 




1336 C II 1 

38 48 N 

320 10 

5 6 

24 16 W 

Cl 6 

P&S 

2 














5 5 

24 06 W 

D4 8 

C&H 

1 












Weighted 

mean 


24 13 W 









m 

■ 








(24°08'W) 









m 

1 




1337 C II 2 

39 29 N 

320 09 






14 6 

+65 19 

189 59 rs 7 

ccc 

1 

14 6 

2078 

D4® 

HRS 

3 









14 7 


El 3 8 

CWH 

1 

14 6 

2093 

189 78SL 9 

CCC 

2 















2077 

189 8 10 

ccc 

1 






Wei 

Lghted i] 

near 

is 

+65 20 





2083 













(+65° 12') 










39 44 N 


18 3 

25 08 W 

Cl 6 

P&S 

2 











I 



18 3 

25 07 W 

D4 8 

C&H 

1 










* 

1 

Weighted 



25 08 W 














1 




(25°05 / W) 













* 


bourse, NNE, roll from side to side, 6° , sea, S, weather, be 
2 Course, NNE, roll from side to side, 8°, sea, MS, weather, 
be 

3 Course, NNE, roll from side to side, 8° ; sea, S, weather, be. 
4 This is the combining weight when taking the weighted 
mean of individual values It is not to be confused with the 
“weight” (wt ) which appears in the Table of Results The 
latter is intended to give an approximate measure of the relia- 
bility of a result according to conditions encountered Thus, 
to the results on August 23, 1913, a weight of 3 was assigned 
m the table (See explanation, pp 258-259 ) 


6 Manne collimatmg-compass 1 

6 Sea deflector 4. 

7 Sea dip-circle 189, regular dip needles 5 and 9, and inten- 
sity needle 7 deflected by intensity needle 8 , for summary of 
individual values, see bottom of Form 28a, p 220. 

8 Manne earth-inductor 3. 

°Sea dip-circle 189, deflection observations with needles 7 
and 8 

10 Sea dip-circle 189, loaded-dip observations with needle 8 


GEOGRAPHIC POSITIONS AT SEA. 

In ordinary navigation the position of the ship is required at the earliest moment 
possible, particularly in the vicinity of land, rocks, reefs, and like dangers. For this pur- 
pose a single Sumner line is often sufficient for the immediate needs of the navigator. For 
the geographic positions of sea-stations, where magnetic results have been obtained, the 
promptness of acquiring the geographic coordinates is not so important as the attainment 
of the highest precision, which necessarily involves delay to secure the data and make 
additional computations. The navigational work of the Carnegie has been planned to 
meet both requirements. The dead-reckoning is advanced as quickly as is practicable, 
and the new navigational methods are freely used when advantageous, but upon the high 
seas the usual work of navigation on the Carnegie is computed on forms which become a 
permanent record, and permit application of subsequent corrections for current effects or 
similar causes that may affect the course and distance run. 
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Dead Reckoning. 

The data for the dead reckoning (D. R.) are the ship’s courses and the log-readings, 
the corrections to these, the astronomic positions, and the times or places for which posi- 
tions are required. The times, places, courses, leeway, and log-readings are taken from 
the ship’s log-book and entered on Form 42 below. In the column headed “Ship’s Time” 
are entered the ship’s times at the various places whose geographic positions are required, 
either for scientific results or for navigational reasons. The places are stated or else indicated 
by symbols or abbreviations, which will readily be recognized. The first entry refers to the 
last position of the day before. In the specimen form it is the place where two-star observa- 


Bate . Sat., Aug. 23, 1913 
Vessel . Carnegie 


Geographic Positions at Sea * Dead Reckoning 

(Form 42) 

Wind: SSE, SE, S, SSW 
Com’d’r W J. P. 


Corner HRS 
Reviser • W J P 


Ship’s Time 

h m 

7 04 p m , * * yesterday 

5 38 a m , D obs’ns 

8 03 a m , o alt 

9 18 G. M. Noon 
Noon 

2 42, H and I obs’ns 
4 00, o alt. 

6 20, D obs’ns 

7 06, * * alt 



Yesterday at 
Run to D obs’ns 

By D.R 
(Adjusted) 

Run to o alt. 


5 38 a m 

5 38 a m 
5 38 a m 
8 03 a m 


By D. R. 8 03 a. m 

(Adjusted) by obs 8 03 a. m 
Run to G M'Noon 9 18 a m 


ByD R. 
(Adjusted) 
Run to 


9 18 a m. 
9 18 a m 
Noon 


By D. R at Noon 
By obs. (adjusted) Noon 
Run to HI obs’ns 2 42 p m 


By D R. at 
(Adjusted) 


2 42 p m 


Latitude 

0 / 

37 59 0 N 
52 2 N 

Longitude 1 

o / 

39 46 9 W 
02 3 W 

38 51 2 N 
(38 48 2 N) 
11 4 N 

39 49 2 W 
(39 48 4 W) 
00 5 W 

39 02 6 N 
(38 58 9 N) 
06 ON 

39 49 7 W 
39 48 7 W 
00 3 W 

39 08 6 N 
(39 04 6 N) 
13 ON 

39 49 0 W 
(39 48 9 W) 
00 5 W 

39 21 6 N 
39 16 8 N 
12 1 N 

39 49 5 W 
(39 49 2 W) 
00 8 W 

39 28 9 N 
(39 29 2 N) 

39 50 3 W 
i (39 49 8 W) 



h m 

2 42 p m 
4 OOp m 

4 00 p m 
4 00 p. m 
6 20 p m. 

6 20 p m. 

6 20 p m 

7 13 p m 

7 13 p m 
7 13 p m 


Latitude Longitude 1 

Of Of 

39 28 9 N 39 50 3 W 
05 4 N 00 4 W 

39 34 3 N 39 50 7 W 
(39 34 7 N) 39 50 1 W 
09 3 N 00 7 W 

39 43 6 N 39 50 8 W 
(39 44 2 N) (39 49 1 W) 
03 5 N 00 3 W 


39 47 1 N 
39 47 8 N 


39 61.1 W 
39 48.8 W 


l Longitudes are to be increased by 1 '4 on account of sea rate of chronometer, determined finally, September 12, 1913. 

tions made in the evening of August 22 have determined both latitude and longitude. 
The ship’s magnetic courses by the standard compass are entered in the second column 
under ‘‘compass.” The magnetic declinations given in the next column are taken from 
navigation charts corrected, as necessary, for the error indicated by the magnetic results 
of preceding days; the minus sign indicates west declination. The deviation at the 
standard compass is zero, as noted in the fourth column. The leeway is taken from the 
log-book, where its estimated magnitude is recorded every 4 hours, or at every change 
of wind or course. In the specimen form, the wind coming from SSE to SSW and the 







Hiti 


Views on Cruise III of the Carnegie, 1914. 

1 Latitude observations at sea 3 Decimation observations, midnight sun, Sorosund, Norway 

2 Shore station at Hammerfest, Norway 4 Measuring radioactive content of atmosphere 

5 Shore station, Akranes, Iceland 
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ship heading N 22° E, there is no leeway. The true course is the compass course cor- 
rected for the foregoing, and is entered in the column under “True Course”; it is counted 
from north as zero, through east, continuously to 360°. The readings of the log and their 
differences, or the distances in miles, are given in the next two columns. Under the letters 
N, S, E, and W, is the ordinary form for computing latitude and departure. The depar- 
tures are converted into minutes of longitude and placed in the last column. 

The lower portion of Form 42 contains the geographic positions and the latitude and 
longitude increments due to the vessel’s run, taken from the final columns of the upper 
portion of the form. Here, also, the first entry is the last position of the day before. The 
various increments of latitude and longitude are transferred to their proper places as soon 
as they become available, and the vessel’s approximate position is therefore practically 
always known by carrying on the summations. As soon as they become available the 
astronomic positions are written in after the words “By obs.” The adjusted values are 
also written on the same line, but are distinguished from the astronomic positions by 
inclosing them in parentheses. As the adjusted positions are not inserted on the form 
before the dead reckoning has been made, they do not interfere with the legibility of original 
computation. 

The positions of the various magnetic stations at sea are adjusted for the discrepancies 
that are usually found between the dead-reckoned and the astronomic determinations 
that immediately follow them. Since the latitude and longitude are rarely obtained 
simultaneously except at twilight, they must be adjusted separately and between different 
control observations. Thus in the specimen Form 42, starting from the star determination 
at 7 h 04“ of the evening of August 22, it will be seen that there is no control over the dead- 
reckoned latitudes before the noon observations. The noon position by dead reckoning 
is 39° 21 {6 N, and by observation it is 39° 16! 8 N. The difference, 4'. 8, is distributed 
proportionally to the elapsed time, so that the dead-reckoned latitude of the morning 
declination station, made at 5 h 38”, is to be decreased from 38° 51! 2 N to 38° 48! 2 N. 
Similarly, the longitude of the same magnetic station is adjusted by decreasing its dead- 
reckoned longitude from 39° 49! 2 W to 39° 48! 4 W by distributing the difference, l!0, 
between the dead-reckoned longitude and the observed longitude at 8 h 03“ in the morning, 
proportionally to the time elapsed since 7 h 04” of the evening before. 

The position of the observations of magnetic dip and horizontal intensity, made at 
2 h 42” in the afternoon, is adjusted for latitude between the noon position and the two-star 
position obtained at 7 h 15“ in the evening, and for longitude between the morning astro- 
nomic longitude at 8 h 03“ and the afternoon longitude at 4 h 00”. The longitudes require 
a further correction, as indicated in the footnote of the form. This correction, however, 
can not be determined before the next port is reached, where standard time is available 
for controlling the chronometer rates, which have to be assumed, in the meantime, as being 
the same as determined at the last port. This longitude correction in the specimen Form 
42 depends upon the chronometer corrections determined at St. Helena June 24, 1913, 
and again at Falmouth September 12, 1913, that is, from a period of 80 days. With the 
corrections determined at St. Helena and the adopted rates while at sea, the computed 
Greenwich mean time was found to be 7‘3 slow on the standard at Falmouth. Therefore 
the correction to the longitudes of August 23, 1913, expressed in minutes of arc, is 

7.3 60 

~1T ^ so = * * increasing west longitudes. 

The final geographic positions of magnetic stations on August 23, 1913, are, therefore 
38° 48' N and 39° 50' W for morning magnetic-declination results; 39° 29' N and 39° 51' W 
for magnetic intensity and dip results; and 39° 44' N and 39° 50' W for the afternoon 
magnetic-declination results, as appear on the magnetic-observation sheets of this date. 
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Longitude Observations (Single Altitudes). 

Specimen observations and computations of astronomic longitudes by single altitudes 
are shown on Form 41 below, which is designed for both Sun and star altitudes, the por- 
tions not required in either case being marked in the specimen form "for star observations,” 
or "for Sun observations.” The hour angle, t, is computed from the latitude <p, the polar 
distance p, and the altitude h, by means of the equation 

1 

sin 2 ^ t = sec <p cosec p cos s sin (s — h) 

in which s = | (h + <p + p). Six altitudes are measured in quick succession, three of the 

lower limb and three of the upper limb when the Sun is observed, as indicated in the speci- 
men form. The times are noted by a recorder who enters them with the corresponding 


Geographic Posit-ions at Sea : Longitude Observations ( Single Altitudes ) 

(Form 41) 


Date Sat , Aug 23, 1913, A M. 
Watch M 


Vessel * Carnegie 
ObsW. H. R. S 


Com’d’r W J. P. 
Comp’r. HRS. 



Chronometer Comparisons 


Before 

After 


h m s 

h m s 

Chron’r 53862 


H I IM 

Chron’r corr’n 

+36 6 

+36 6 

GMT 

8 19 56 6 

10 48 06 6 

Watch M 


10 46 45 2 

Watch M corr’n 


+01 21 4 

Starb’d log 94 8 
Port log 




Object 


Time by 
Watch M 


Observed 

Altitude 


Astronomic Elements 


Q 

Q 

Q 

5 

0 

(5 


fi m s 
10 34 52 
35 10 
35 22 
35 41 

35 56 

36 12 


12 30 
16 00 
18 20 
29 54 20 

29 57 00 

30 00 00 


29 

29 

29 


Means 

Corr’ns 


10 35 

+01 


32 2 
21 4 


29° 


3614 
•05 6 


Decl'n at G M N 
Hourly diff —0' 85 
Time from G M N 
— l h 4 
Correction 
(-1 4) (-0 85) 

DecFn at obs’n 


GMT 
RAMS 
Tab III 


G.ST 
R A of star 


H A from Gr 


10 36 53 6 


•for star obs'ns 


29 30 8 
39 02 6 
78 24 3 


146 57 7 
73 28 8 


= True h 

- <p 

= V 
= 2s 


43 58 0 = (s-/i) 



Corrections to Obs Alt. 


Semi-diameter 

f 


Refraction and Par. 

-1 5 


Dip of horizon 

-4 1 

Sex No. 2617 

Index corrrection 
Eccentricity 

0 0 


Total 

-5 6 


Log sec <p 
Log esc p 


Log cos s 
Log sm (s-h) 
Log sin 2 it 


h 

12 -t 
L M T 

Longitude m time 
Longitude m arc 
Correction for assumed lat 
(— 3'7) (-0 2) 

Corr’d longitude (West) 


0 10976 
0 00895 


9 45385 
9 84151 


Eq time at G M N 
Hourly diff -0 8 64 
Time from G M N 
— l h 4 
Correction 

(-1 4) (-0 64) 

Eq time at obs’n 


9 41407 


h m 
7 55 
+02 
7 57 
2 39 
39° 


39 


s 

01 4 
38 9 
40 3 
13 3 
48' 3 

+0 7 
49 0 


R A of star at 
G M N. 

Hourly diff 
Time from G M N 
Corr’n * 

Right asc’n at obs’n 


o r 


+11 34 5 


+01 2 


+11 35 7 


m s 
+2 38 0 


+00 9 


+2 38 9 


►for star obs’ns 


Remarks 

Position bridge Ht of eye 18 ft 
Horizon good Wind SSE 

Barom’r 771 mm Therm’r, 25° 5 C 
Direc of obj N 99° E 


altitudes. In the specimen above the times were taken from the watch M, which had 
been compared with the chronometer 53862, the entries being made in the allotted space 
on the form at the time the comparisons were made. Greenwich mean time is indicated 
by the letters G. M. T. The right ascension of the mean Sun, Greenwich sidereal time, 
the right ascension, the hour angle, and equation of time are indicated respectively by the 
abbreviations R. A. M. S., G. S. T., It. A., t y and E. “Tab. HI” refers to the table of 
the American Ephemeris which gives the acceleration of sidereal on mean time. With 
these explanations the steps of the computation are easily followed to the longitude. 
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The computation has been made with an approximate latitude 39° 02 ! 6 N, which was 
taken from the dead reckoning. This latitude was adjusted later, as has been explained, 
and consequently the resulting longitude required a correction for the change of latitude, 
3'7 south. This change is computed from the well-known differential formula or taken 
from any one of the numerous nautical tables designed for the purpose. The specimen 
given is one of two sets. The other, having been made and computed independently by 
another observer, gives a corrected longitude of 39° 48(4 W. The mean, 39° 48! 7 W, is 
the adopted value finally entered on the dead-reckoned sheet after the words “By obs.” 

Latitude Observations. 

The latitude observations are recorded and computed on Form 40, of which a specimen 
is given below. According to the usual practice at sea, the maximum altitude of the Sun 
is noted at noon. The specimen shows the observations made at noon on August 23 by 
three observers, C. C. C., H. R. S., and M. C. The mean of three, 39° 16(8 N, is adopted 
and entered in the dead reckoning. 

The longitude is again determined in the afternoon by two observers in the manner 
already shown (Form 41, p. 228). The results by two observers are 39° 49! 5 Wand 39° 
50! 7 W, the mean of which, 39° 50! 1 W, has been entered in the appropriate place of the 
dead-reckoning sheet. 

Geographic Positions at Sea: Latitude Observations 

(Form 40) 


Date Sat , Aug 23, 1913 Vessel Carnegie Com’d’r W J P ObsWs and Comp’rs: C C. C , H. It S., M C 


Observer 

Sextant 

No 

Object 

Obs’d Alt 

Index Corr’n 

Alt Corr’d 
fori C 

Corrections 

Decimation calculation | 

c c c 

HRS 
M C 

22876 

2617 

2611 

Q 

Q 

Q 

O t ft 

62 05 00 
62 04 20 
62 01 30 

/ u 

-1 00 

0 00 
+2 30 

Mean 

Total corr’n 
True alt 

Zen dist 
Decl’n 

Latitude (N) 

o t 

62 04 0 
62 04 3 
62 04 0 

Semi-Diam 

R & P 

Dip 

Total 

t 

+15 9 
-04 
-42 

Decl’n at G. M N 

Hourly Diff . -0' 85 

Time from G M N +2 h 7 
Corr’n (+2 7)(-0 85) 

Decl’n at Obs’n 

O t 

+11 34.5 

-02 3 

+11 32 2 


Sextant 

No 

Observations for 
Index Corr’n 
(Sun’s diametei) 

62 04 1 
+ 11 3 
62 15 4 
27 44 6 
+11 32 2 

39 16 8 

+11 3 

Remarks 

Position bridge Thermometer* 26° 5 C 

Height of eye 18 feet Starb log: 13 8 

Horizon good Port log . 

Wind S2 Dir of object. S 

Barometer* 772 mm 

22876 

2617 

2611 

t n 

—32 40 
31 40 
29 10 

/ n 

+30 40 
31 40 
34 10 


Latitude and Longitude Observations (Two-Star Altitudes). 

The astronomic work of the day is finally completed by two-star observations, both of 
which are recorded and computed on Formula, which is practically the same as Form 41, 
already described. When one of the observations, however, is a meridian altitude, then 
latitude form (No. 40 above) is used. In the specimen (p. 230), the observations on Arc- 
turus and Jupiter by one of the two observers, together with the computations, are shown. 
The dead-reckoned latitude, 39° 47! 1 N, was used in the computations; the correction to 
this latitude is +0!7, making a final value of 39° 47! 8 N, as obtained from differential 
formulae or from nautical tables. The approximate correction A <p, by differential formulae is 
obtained from the equation 

V - X" 

A<p - T IT, TTt cos V 

cot A" — cot A' 

in which X' and X" are the approximate longitudes (reckoned westward), determined 
respectively from the separate stars, by using an assumed latitude, <p, while A' and A" are 
the respective azimuths reckoned positive from south around by west. 
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Geographic Positions at Sea: Latitude and Longitude Observations ( Two-Star Altitudes) 

(Form 41a) 

Date: Sat , Aug 23, 1913, P. M Vessel • Carnegie Com’d’r: W J P Obs’r. HRS. Computer: H R. S. 


Astronomic Elements 


Decl’natG M N 
Hourly diff * 0' 0 
Time from G M N 
+9 h 8 

Corr’n (+9 8) (0 0) 
Decl’n at obs’n 


Eq time at G M N 
Hourly diff 
Time from G M N * 
Correction 
Eq time at obs’n 



Means 

Corrections 


GMT 
RAMS 
Tab III 


G S.T 
R A of star 


H A. from Gr 


h m 8 
9 45 56 
46 27 

46 48 

47 05 
47 28 
47 53 


9 46 56 2 
+01 19 8 



Chron’r 53862 
Chron’r corr’n 
G M.T 
Watch M 


Chronometer Comparisons 

Before 

After 

ft m s 

9 04 35 0 
+36 5 

9 05 11 5 

9 03 52 0 

ft m 8 

9 58 25 0 
+36 5 

9 59 01 5 

9 57 41 6 

+01 19 5 

+01 19 9 


Sex No 2944 


I Total 

Corr’d latitude: 39° 47 ’8 N 



o 

/ 

+19 

38 0 


0 0 

+19 

38 0 

-for Sun 
obs’ns 


Corrections to Obs Alt. 

Semi-diameter 

/ 

Refraction and Par. 

-0 9 

Dip of horizon 

-3 5 

Index corr’n 
Eccentricity 

+2 5 



Means 
Coir ’ns 


GMT 
RAMS 
Tab III 


GST 
R A of star 


Time by 
Watch M 


ft m s 
9 53 26 
54 07 
54 28 

54 48 

55 06 
55 25 


9 54 33 3 
+01 19 9 


Observed 

Altitude 


24 31 5 
34 5 
36 5 

38 5 

39 5 


Chronometer Comparisons 


Chron’r 53862 
Chron’r corr’n 
GMT 
Watch M 


h m s 
9 04 35 0 
+36 5 
9 05 11 5 
9 03 52 0 


ft m 8 
9 58 25 0 
+36 5 
9 59 01 5 
9 57 41 6 


40 5 Watch M corr’n +01 19 5 +01 19 9 


R A of star at G ft m s 


M N 

Hourly diff 0 S 0 
Time from G M N 
+9 h 8 

Corr’n (+9 8) (0 0) 
Right asc’n at obs’n 


14 11 43 1 

00 0 
14 11 43 1 



Astronomic Elements 


o / 

23 23 6 




m s 
13 04 1 
26 20 6 
39 24 7 
39° 51' 2 

-02 8 
39 48 4 


R A of star at G ft m s 
M N 18 35 55 9 

Hourly diff . -0 8 41 
Time from G M N : 

+9 h 9 

Corr’n. (+9 9)(— 0 41) -04 1 

Right asc’n at obs’n 18 35 51 8 


Remaiks 
Position quarter-deck 
Ht of eye 13 ft Horizon good 
Wind SSW Bar : 772 mm 

Thermometer. 24°4 C 
Direc of Ob] N 162° E 
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If the two-star observations are not simultaneous, the first observation is usually- 
referred to the second by applying a correction to altitude of the first. This correction, 
expressed in mim ites of arc, is equal to the number of nautical miles run, multiplied by 
the cosine of the angle between the ship’s course and the direction of the first star. This 
correction is negligible in the specimen on the preceding page. 

The adopted results derived from the observations of the two observers are latitude 
39° 4718 N and longitude, 39° 48 8 W, which are entered on the dead-reckoning sheet 
(Form 42). The positions depending on the dead reckoning alone may then be adjusted 
for the day, as has been described. The final values are used to the nearest minute. 

It is realized that the discrepancies between the dead-reckoned and the astronomic 
positions may be owing to causes that do not operate uniformly over the time during which 
the errors are distributed, and that the discrepancies are also partly because of observa- 
tional errors. But in the absence of information to the contrary, the assumptions of 
observational errors and of uniform changes are the only ones admissible. The specimens 
have been selected at random and represent usual conditions. Larger discrepancies are 
often found which are ascribed, in most cases, to the effects of ocean currents. 

Accuracy of Positions at Sea. 

The r emar ks on this matter in connection with the Galilee work (see page 59) apply 
likewise to the Carnegie work. With slight modifications, they are repeated here. 

Accuracy of geographic positions is dependent on so many factors that it is quite 
impossible to define it by exact figures based on any one investigation of numerical results. 
The first consideration would naturally be the magnitude of the probable error of the 
measured altitudes, and if the observation were a meridional one, this probable error would 
be the probable error of the resultant latitude at the instant of observation. But as it 
rarely happens that this instant corresponds to the time of a magnetic observation, the 
observed latitude must be altered by a quantity which depends upon the run of the ship 
between observed latitude and the place of the magnetic observations. 

The error in run may be controlled by the astronomic observations immediately pre- 
ceding and following the magnetic observations. This procedure is, in fact, the method 
employed in the ocean work. But in attempting to assign limits of accuracy we are again 
confronted with the error in this control which depends upon the stability of the speed and 
direction of the ocean currents, the constancy of the leeway, steering, and error of the log. 
Again, if the observed Sun or star be east or west of the meridian, there is an additional 
uncertainty introduced by the unknown error in the assumed chronometer rate. This 
error, however, is very small in the case of our work, since it is controlled by time comparisons 
at every port available for the purpose, and is distributed back when appreciable. _ An 
investigation of some of the determinations of ship’s position by simultaneous observations 
on three stars indicates that, if the Sun or star be favorably situated and the weather and 
sea conditions are fair, the average error to be expected in the determination of geographic 
position is less than 2 miles. The error in the control of the “error of run” is usually insig- 
nificant if the controlling astronomic observations are not more than 6 hours apart. This 
has usually been the case in our observations, except in high latitudes, where fog and clouds 
prevail. Of course, there are exceptional times when no astronomic observations are 
possible for several days. The geographic positions for the results of magnetic inclina- 
tion and intensity are then more or less uncertain. In the case of results of magnetic 
declination, however, the Sun or star that serves for the magnetic observations usually 
permits of at least a fairly good determination of position. 



REDUCTION FORMULA AND DETERMINATION OF CONSTANTS. 

REDUCTIONS TO STANDARD INSTRUMENTS. 

The extensive intercomparisons of magnetic instruments at Washington, in 
the field, and at magnetic observatories in all parts of the Earth, carried out by 
the Department of Terrestrial Magnetism, have made it possible to refer all its 
data to international magnetic standards within an error, in general, on the order 
of the observational error (see Volume II, pp. 211-278). Since the adopted con- 
stants for the sea instruments, as explained in the subsequent paragraphs, were 
made to depend upon the standardization data at shore stations (seepp. 296-309), 
the results derived from the magnetic observations on board the Carnegie are on 
the basis of the adopted magnetic standards. 

Magnetic Standards Adopted. 

The magnetic standards adopted for reduction to a common basis of the 
results contained in the present volume are the so-called “C. I. W. Standards,” as 
defined in Volume I (p. 42) and II (p. 16). These “C. I. W. Standards” are: 
In declination, C. I. W. magnetometer 3 without correction; in horizontal intensity, 
C. I. W. magnetometer 3 with a correction of +0.0001517 applied to observed 
values of the horizontal intensity, H, computed by the constants given for magnet- 
ometer 3 in Table 62, page 253; in inclination, earth inductor 48 with a correction 
of —O'. 5 applied to observed values of inclination. A detailed discussion of the 
relations between the “C. I. W. Standards” and possible “International Magnetic 
Standards” is given in Volume II (pp. 270-278). It is shown there that the cor- 
rections of the originally selected standards are so small as to be negligible here. 
Accordingly, the values of the magnetic elements, given in the Tables of Results on 
pages 261-309, may be regarded as based on “International Magnetic Standards .” 

CONSTANTS AND CORRECTIONS FOR SEA INSTRUMENTS. 

The instrumental constants and corrections on standards (above) of the sea instru- 
ments used in the Carnegie work were determined at Washington and at the various ports 
visited by comparisons with standardized land-instruments. The method adopted in the 
comparisons was generally that of simultaneous observations. In order to refer values of 
the magnetic elements at one observing station to any of the others, station differences were 
carefully determined at each port from observations with the land instruments, following 
the methods described in Volume I (pp. 19, 20). 

Declination Observations. 

Marine collimating-compass . — The marine collimating-compass, de sign ed and con- 
structed by the Department of Terrestrial Magnetism, has been used as the standard 
declination-instrument for the Carnegie work. Description of the compass, its theory, and 
explanation of its use, will be found on pages 177—190. Specimen observations and computa- 
tions for a sea station are given on pages 213-215. The introduction of the collimating 
principle has facilitated the control of instrumental constants, so that in the field only 
two have to be determined for each scale, viz, (1) the magnetic-axis and index error, 
A c . and (2) the elevation, m. The constants can be determined at shore stations with an 
accuracy much greater than that for declination determinations at sea, and are, further- 
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more, susceptible of accurate adjustment by the method of least squares (see pp. 185-189). 
For specimen determinations of constants, see page 186. 

Revolving-compass pattern of sea deflector. — The improved sea-deflector, designed and 
constructed by the Department of Terrestrial Magnetism, has been used as an auxiliary 
declination-instrument on board the Carnegie. For descriptions of the various forms of the 
instrument and explanation of its use, see pages 190-195. Specimen observations and com- 
putations for a sea station are given on pages 215-218. The purely instrumental corrections 
arise from (1) card-graduation errors and eccentricity of card mounting; (2) magnetic-axis 
and index error; (3) lack of correct adjustment of the sighting vanes attached to the bowl. 
Card-graduation errors, e, were determined at shore stations by observing the magnetic 
azimuths of series of marks in the horizon, i. e., at an altitude practically 0°, the marks 
being selected to give as nearly equal angular distribution as possible. The magnetic 
azimuths were controlled by simultaneous declination observations with a standardized 
magnetometer at a second station. For deflector 3 the card-graduation and eccentricity 
errors are small (see p. 235), while for deflector 4 they are entirely negligible. The correc- 
tions, Ate for the “bright-line” method and A sc for the “shadow” method, both include 
corrections for the second and third classes of errors above, they may vary with the altitude 
of the object sighted upon. The data for the establishment, by graphical means, of a 
curve representing the variation with change in altitude, were secured at shore stations 
from series of declination observations on the Sun. The absolute values of the declination 
were determined from simultaneous observations with the standardized magnetometer. 
The total correction to the card reading, depending upon the sighting method used, is 
e-]rA l<: or e-{-A ac . 

Each of the terms making up the total correction to the observed card reading, viz, c, 
and A* or A sc , is given separately in this volume for each deflector. The signs attached 
are in the sense of continuous graduation from the south point as 0° through 360° in a 
clockwise direction. Accordingly, all card-readings m the southwest and northeast quad- 
rants, that is, all readings from S to S 90° W (or W) and from N to N 90° E (or E), must 
be numerically increased when the sign given for e, A bc , or A sc is plus (+) and vice versa, 
all card-readings in the other two quadrants must be numerically decreased when the sign 
given for e, A tc , or A sc is plus (+), and vice versa. 

Specimen observations and computations to determine the change in A ic with altitude 
are given on page 234. 

Marine collimating-compass 1 (Cl). — Marine collimating-compass 1, designed and 
constructed by the Department of Terrestrial Magnetism, was used on the Carnegie from 
September 1909 to October 1916. During April to May 1914, before Cruise III, the 
instrument was thoroughly overhauled and repaired. 

The adopted constants, resulting from least-square adjustments of all available data, 
are given in Table 52. Specimen observations for the determination of constants are given 
on page 186. 

Sea deflector 3 ( D3 ). — The adopted periodic corrections to observed card-readings of 
the compass of D3, used on Cruises I and II (as far as Cape Town, March 1911), are given 
in Table 53. 

The adopted correction, A ae , to observed card-readings by the “shadow” method is 
for all altitudes: 

A sc = +0?09 from August 1909 to September 1910 
A sc = —0 06 from October 1910 to March 1911 

The adopted corrections, A bc , to observed card-readings by the “bright-line” method, 
deduced from a graphical adjustment of all available data, vary with the Sun’s altitude, 
and are given in Table 54. 
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Specimen Declination Observations with Sea Deflector at Shore Station 

Station . A, Suva Von, Fiji Date: Wed , June 12, 1912, P. M. Obs’r H F J 

Instrument: Sea Deflector 4 Chron’ r * No. 13733 


Method: Bright Line 


No of 
Reading 

Set I 

Set II 

Remarks 

Chron’r 

Time 

Card 

Reading 

Chron’r 

Time 

Card 

Reading 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Means 

h m s 

4 08 00 

08 30 

09 00 

09 30 

10 00 
13 00 

13 30 

14 00 

14 30 

15 00 

o 

292 75 
2.75 

2 75 

2 70 

2 70 

2 30 

2 10 

2 05 

2 05 

2 00 

h m s 

4 18 00 

18 30 

19 00 

19 30 

20 00 
23 00 

23 30 

24 00 

24 30 

25 00 

o 

291 50 

1 55 

1 50 

1 50 

1 45 

1 00 

1 00 

0 95 

0 95 

0 90 

Magnetic articles removed. Yes 

Chronometer Comparisons 


Before 

After 

4 11 30 

292 42 

4 21 30 

291 23 









h m s 

h m s 

No. 

Set III 

Set IV 

Stan Chron. 

20 19 03 

6 30 15 






Stan Chron Corr 

-2 52 

-2 52 






G. M T. 

20 16 11 

6 27 23 

1 

4 26 00 

290 70 

4 32 00 

290 05 

Equation of Time 

4-0 29 

40 29 

2 

26 30 

0 75 

32 30 

0 00 

GAT 

20 16 40 

6 27 52 

3 

27 00 

0 70 

33 00 

290 00 

Longitude 

11 53 40 

11 53 40 

4 

27 30 

0 70 

33 30 

289 95 

L A. T 

8 10 20 

18 21 32 

5 

28 00 

0 60 

34 00 

9 90 

Chron. 13733 

20 21 20 

6 32 29 

6 

29 00 

0 30 

35 00 

9 85 




7 

29 30 

0 25 

35 30 

9 80 

13733 on L A T. 

-12 11 00 

-12 10 57 

8 

30 00 

0 15 

36 00 

9 80 




9 

30 30 

0 15 

36 30 

9 75 

Mean Corr. 13733 on L A T 

-12 10 58 

10 

31 00 

0 10 

37 00 

9 70 




Means 

4 28 30 

290 44 

4 34 30 

289 88 

Sun’s Decimation: 23°14N 


Specimen Determinations of Decimation Constant of Sea Deflector 

Station: A , Suva Vou, Fiji Lat : 18° 07^1 S Long * 178° 25'. 1 E 

Date Wed., June 12, 1912, P M Sun’s DecVn 23° 14 N Obs’rs: H F. J , and 

Instrument • Sea Deflector 4 H. M E 


Set 

No 

Chronom- 

eter 

Time 

Local 

Apparent 

Time 

Card 
Reading 
Sto W 

Sun’s 

Azi- 

muth 1 

Resulting 

Decima- 

tion 

Standard 
D by 
Mag’r 2 2 

Result- 
ing Value 

Sun’s 

Alti- 

tude 3 


h 

m 

s 

h 

m 

s 

0 

0 

0 

c 

o 

o 

I 

4 

11 

30 

16 

00 

32 

112 42 

122 90 

410 48 

410 42 

40 06 

18 3 

II 

4 

21 

30 

16 

10 

32 

111 23 

121 73 

410 50 

410 42 

40 08 

16 3 

III 

4 

28 

30 

16 

17 

32 

110 44 

120 95 

410 51 

410 42 

40 09 

14 9 

IV 

4 

34 

30 

16 

23 

32 

109 88 

120 30 

410 42 

410 42 

0 00 

13 6 

V 

4 

42 

30 

16 

31 

32 

109 00 

119 47 

410 47 

410 42 

40 05 

12 0 

VI 

4 

48 

30 

16 

37 

32 

108 46 

118 86 

410 40 

410 41 

-0 01 

10 8 

VII 

4 

54 

30 

16 

43 

32 

107 90 

118 27 

410 37 

410 41 

-0 04 

9 5 

VIII 

5 

02 

30 

16 

51 

32 

107 04 

117 50 

410 46 

410 41 

40 05 

7 9 

IX 

5 

08 

30 

16 

57 

32 

106 54 

116 96 

410 42 

410 41 

40 01 

6 6 

X 

5 

14 

30 

17 

03 

32 

106 02 

116 43 

410 41 

410.41 

0 00 

5 4 


interpolated for the respective local apparent times from standard tables of Sun’s true bearing 

Simultaneous determinations of magnetic decimation were made by Observer H M Edmonds at station B They were 
referred to station A by means of the station-difference (A — B) » — 1' 6, and then reduced to C. I W. Standard (C I. W — 
magnetometer 2 ** 4 O'. 1) 

interpolated for the respective local apparent times from standard tables of Sun’s altitudes 
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Magnetic Azimuth 1 


Scale Elevation 2 


For 

Scale 





Scale 

Crmse 

Desig- 

Value 

Desig- 

Value 8 

Value 



nation 

nation 





0 


O 0 

0 

! f 

South 

Acs 

0 37 

m s 

-0 75 +1 27Z 

0 98 

11 l 

West 

Acw 

90 71 

m u> 

+0 50 

1 01 

North 

East 

Acn 

A C c 

180 31 
270 52 

m n 

m e 

+0 93 -1 27 Z 
-0 10 

0 99 

1 02 

r 

South 

Acs 

359 80 

m 8 

+0 02 +1 27Z 

0 98 

H 

West 

Acu> 

89 68 

m w 

+ 0 16 

1 01 

North 

Acn 

179 87 

m n 

4-0 17 -1 27Z 

0 99 

i 

East 

A C c 

269 94 

m e 

-0 11 

1 02 


1 The magnetic azimuths are on the basis of C I W Standard and are reckoned continuously m a clockwise direction 
from the magnetic south as 0° through 360° 

2 Elevations above the horizon are reckoned as positive, and below the horizon as negative 

*The vertical intensity, Z, is expressed m c a s units, and is reckoned as positive for the northern magnetic hemisphere 
and negative for the southern magnetic hemisphere 


Table 53. — Periodic Corrections to Card Readings of Compass DS 


Card 

Reading 

e 

Card 

Reading 

€ 

Card 

Reading 

€ 

Card 

Reading 

€ 

South 

0 

+0 06 

West 

0 

-0 11 

North 

0 

+0 08 

East 

o 

0 00 

S 10° w 

+0 04 

N 80° W 

-0 12 

N 10° E 

+0 09 

S 80° E 

0 00 

S 20° W 

+0 02 

N 70° W 

-0 13 

N 20° E 

+0 08 

S 70° E 

0 00 

S 30° W 

0 00 

N 60° W 

-0 13 

N 30° E 

+0 07 

S 60° E 

4-0 01 

S 40° W 

-0 02 

N 50° W 

-0 11 

N 40° E 

+0 05 

S 50° E 

4-0 02 

S 50° W 

-0 04 

N 40° W 

-0 08 

N 50° E 

+0 03 

S 40° E 

+0 03 

S 60° W 

-0 05 

N 30° W 

-0 04 

N 60° E 

+0 02 

S 30° E 

4-0 05 

S 70° W 

-0 07 

N 20° W 

+0 01 

N 70° E 

+0 01 

S 20° E 

4-0 07 

S 80° W 

-0 09 

N 10° W 

+0 05 

N 80° E 

0 00 

S 10° E 

-fO 08 


Table 54 — Corrections to Observed Card-Readings of Compass D3 by the “Bright-Line” Method . 


For 

Period 

A Be for Sun’s Altitude 

Cruise 

5° 

10° 

15° 

20° 

25° 

30° 



0 

o 

o 

o 


o 

o 

I 

Sept. 1909 to Feb 1910 

4-0 26 

4-0 26 

4-0 26 

4-0 24 


4-0 20 

+0 15 

“ { 

June to Sept 1910 

Oct. 1910 to March 1911 

+0 26 
4-0 11 

4-0 26 
4-0 11 

4-0 26 
4-0 11 

4-0 24 
4-0 09 

4-0 20 
4-0 05 

4-0 15 
4-0 00 


The cause of the change in the index error, early in October 1910, at Pinheiro, is not 
known. 

Sea deflector 4 ( D 4 . ). — Sea deflector 4 was used on Cruise II, beginning at Cape Town 
in April 1911. The instrument was taken apart at Batavia, Java, in October 1911, to 
refasten one of the compass magnets which had become loose; it was again taken apart 
at Longwood, St. Helena, in June 1913, to remove an air bubble. The adjustments were 
altered somewhat at each reassembling of the instrument. There are no periodic correc- 
tions to observed card-readings of the compass D4. The “shadow” method was not used 
on Cruise II; however, it was used occasionally on Cruise III. The adopted corrections, 
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A tc or A ac , to observed card-readings by the “bright-line method, or by the shadow 
method,” deduced from graphical adjustments of all available data, are given m iable 55. 


Table 55 — Corrections to Observed Card-Readings of Compass D4 




Ate for Sun’s Altitude 

For 

Cruise 

Period 

0° 

5° 

10° 

15° 

20° 

25° 

30° 

II 

' April to Oct 1911 

Nov 1911 to Feb. 1912 

March 1912 to June 1913 
l July to Dec. 1913 

0 

+0 02 
+0 45 
-0 07 
+0 08 

o 

+0 02 
+0 47 
+0 01 
+0 08 

0 

4-0 02 
4-0 52 
4-0 09 
4-0 08 

0 

+0 02 
4-0 59 
4-0 17 
40 08 

0 

40 02 
40 69 
40 25 
40 08 

o 

40 02 
40 81 
40 33 
40 08 

o 

40 02 
40 94 
40 41 
40 08 

III 

June to Oct 1914 i 

+0 03 

+0 03 

4-0 03 

40 03 

40 03 

40 03 

40 03 



Asc for Sun’s Altitude 



0° 

5° 

10° 

15° 

20° 

25° 

30° 

III 

June to Oct 1914 

0 

+0 46 

o 

4-0 26 

0 

4-0 18 

0 

40.17 

o 

40 19 

O 

40 20 

o 

+0 21 


Horizontal-Intensity Observations with Sea Deflector. 

As stated on page 191 and shown on the specimen form, page 217, the horizontal 
intensity is computed from sea-deflector observations by the formula 


sin u 

in which m is the magnetic moment of the deflecting magnet, C is a constant^ involving 
the deflection distance r, the distribution coefficients P and Q, the induction factor 
H = mh (h being the induction coefficient for the deflecting magnet), and u the observed 
angular deflection produced by the deflecting magnet when its axis is perpendicular to 
that of the compass. The sea deflector is a relative instrument, and values of the so-called 
constant, mC = H sin u, must be determined from comparison horizontal-intensity obser- 
vations, made at shore stations with standardized absolute instruments. 

The constant, mC, is subject to changes arising from (1) decrease in m with time, (2) 
effects of temperature variations on m and r , and (3) effects of change in vertical intensity , 
Z. In the Carnegie work all available data for log mC, except as noted below under the 
constants for deflector 3, were subject to least-square adjustment based on the general 

log mC = log mCw at ro + xAt + y (z — Z) 2 -j- q (20° — f) 

in which r is the date of observation expressed in years, r 0 is the selected reference date 
A r is (r — T 0 ), q is the factor representing the combined effect of a change in temperature 
of 1° centigrade on m and C (on the latter because of the change in r), and t i s the 
temperature of observation; the standard temperature of reference is 20° centigrade. 
Instead of deriving all the unknowns simultaneously it is found better to make a separate 
determination of the temperature factor, q, selecting the observations best suited for that 
purpose. The final results were arrived at by a process of successive approximations, in 
the last steps of which q was treated as a constant. Specimen determinations of mC at a 
shore station, and a table showing the observed and adjusted values of that constant for 
deflector 4 on Cruise II, are given on pages 240 and 241. 
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Sea deflector 3 ( DS ). — Sea deflector 3 of the revolving-compass pattern, designed and 
constructed by the Department of Terrestrial Magnetism, is described on pages 191 and 192 
and illustrated on Plate 12, Figure 1. It was used on Cruises I and II (as far as Cape Town, 
March 1911). Since the courses followed during this period were such that the vertical 
intensity practically varied uniformly with the time, between successive shore determina- 
tions of mC, a graphical adjustment of the available data, referred to the standard tem- 
peratime, 20° centigrade, was found to give, with sufficient accuracy, the value of this 
constant for each magnet and distance at any time. The temperature factors were deter- 
mined as explained above. An examination of the data indicated that there were no 
periodic corrections to log mC, as was the case for the less-accurately made deflectors 1 
and 2 used in the magnetic work on the Galilee. 

The constants adopted on the basis of C. I. W. Standard (see p. 232) are given by the 
following equations, which are to be used in connection with the values of log mC at 20° 
centigrade, adopted from the graphical adjustments, and given in Table 56 for different 
dates: 

Magnet 45 log mC = log mC at 20° for t+0 00026 (20° — t) 

Magnet 2L log mC = log mC at 20° for r-f-0 00014 (20° — t) 

Table 56 — Logarithms of Intensity Constants at 20° Centigrade of Sea Deflector S Cruises I and II {to March 1911) 


Date 

r 

Magnet 45 
Distance 1 

Magnet 2L 
Distance 1 

Date 

r 

Magnet 45 
Distance 1 

Magnet 2L 
Distance 1 

n 


1 

3 

1 

3 

1 

3 




9 0052 

8 8754 

1910 45 

9 0727 

8 9425 

9 0036 

8 8728 

1909 60 

9 0741 

8 9443 

9 0052 

8 8754 

1910 50 

9 0729 

8 9425 

9 0032 

8 8725 

1909 65 

9 0743 

8 9444 

9 0052 

8 8755 

1910 55 

9 0732 

8 9426 

9 0029 

8 8724 

1909 70 

9 0745 

8 9445 

9 0051 

8 8755 

1910 60 

9 0733 

8 9426 

9 0026 

8 8724 

1909 75 

9 0742 

8 9439 

9 0046 

8 8750 

1910 65 

9 0732 

8 9426 

9 0024 

8 8723 

1909 80 

9 0733 

8 9427 

9 0040 

8 8739 

1910 70 

9 0730 

8 9426 

9 0023 

8 8722 

1909 85 

9 0725 

8 9420 

9 0035 

8 8730 

1910 75 

9 0731 

8 9426 

9 0023 

8 8721 

1909 90 

9 0721 

8 9417 

9 0030 

8 8727 

1910 80 

9 0735 

8 9429 

9 0022 

8 8719 

1909 95 

9 0722 

8 9417 

9 0029 

8 8727 

1910 85 

9 0739 

8 9433 

9 0021 

8 8716 

1910 00 

9 0723 

8 9419 

9 0032 

8 8729 

1910 90 

9 0743 

8 9437 

9 0019 

8 8714 

1910 05 

9 0724 

8 9420 

9 0034 

8 8733 

1910 95 

9 0746 

8 9440 

9 0018 

8 8712 

1910 10 

9 0723 

8 9422 

9 0038 

8 8737 

1911 00 

9 0746 

8 9441 

9 0018 

8 8711 

1910 15 

9 0721 

8 9423 

9 0041 

8 8741 

1911 05 

9 0745 

8 9439 

9 0020 

8 8712 

1910 20 

9 0720 

8 9424 

9 0043 

8 8745 

1911 10 

9 0748 

8 9440 

9 0022 

8 8714 

1910 25 

9 0720 

8 9425 

9 0044 

8 8746 

1911 15 

9 0751 

8 9444 

9 0022 

8 8715 

1910 30 

9 0722 

8 9425 

9 0043 

8 8743 

1911 20 

9 0755 

8 9448 

9 0021 

8 8716 

1910 35 

9 0723 

8 9425 

9 0041 

8 8738 

1911 23 

9 0757 

8 9450 

9 0020 

8 8717 


9 0725 

8 9425 

9 0039 

8 8733 







x The deflection distances 1 and 3 only were used for observations at sea 


Sea deflector 4 . — Sea deflector 4 of the revolving-compass pattern, with numerous 
improvements on deflector 3 in mechanical detail, designed and constructed by the Depart- 
ment of Terrestrial Magnetism, is described on pages 192 and 193 and illustrated by Figures 
2-9, Plate 12. It was used on Cruises II (from April 1911), III, and IV ; during April and 
May 1914, preceding Cruise III, it was thoroughly overhauled and repaired. A slight leak 
developed in the inner lining of the bowl during Cruise II, and again during Cruise IV, 
but did not affect the intensity constants. It appears that some change, of unknown 
cause, took place in magnet 45 just before the comparison observations at Antipolo in 
February 1912; that the change occurred at Antipolo is borne out by comparisons of the 
sea values of H before and after this station, obtained separately from observations with 
the two magnets 45 and 2L. 

The adopted constants for Cruise II from April 1911, on the basis of C. I. W. Standard 
(see p. 232), resulting from least-square adjustments of all the available data, are given in 
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Table 57. An examination of the data showed that there were no periodic corrections to 
log mC, as was the case for the deflectors 1 and 2, used in the Galilee work. In the table, 
Ar=(r- 1911.24). 


Table 57 — Intensity Constants of Sea Deflector 4, for Cruise II 


Period 

Deflecting 

Magnet 1 

Deflection 

Distance 2 

Logarithms of the Intensity Constant 


f 15 

1 

) m c =9 05805 +0 OOlOOAr +0 03330( -0 140 -Z)°- +0 00026(20 -<) 

Mar 1911 to Feb 1912 

1 1 o 

1 45 

3 

lmC =8 93120+0 00158Ar+0 05110(-0 140-Z++0 00026(20 -t) 


f 45 

1 

lmC=9 05546+0 00012Ar+0 00257(+0 322-Z)“+0 00026(20 -t) 

Mar 1912 to Dec 1913 

\ 45 

3 

L c =8 92947 -0 00003Ar +0 00340(+-0 174 -Z)* +0 00026(20 -f) 



1 

lmC =8 98478 —0 001 15Ar +0 00837(4-0 072-Z)“+0 00014(20-t) 

Mar 1911 to Dec 1913 

J 

1 2 L 

3 

JmC =8 85821 -0 00108Ar +0 00797(+-0 076 -Z ) 2 +0 00014(20 - 1) 


‘Magnet 3 was not used at sea “Deflection distances 1 and 3 only were used at sea 


The constants adopted on the basis of C. I. W. standard (see p. 232) for sea deflector 
4 during Cruise III are given by the following equations • 

Magnet 45 log mC =log mC at 20° for r +0 00026 (20° — t) 

Magnet 2L log mC =log mC at 20° for r+0 00014 (20° — t) 

Magnet 3 log mC=log mC at 20° for r+0 00025 (20 °—t) 

The values of log mC at 20° centigrade and for the time r , are taken from Table 58, 
which was constructed from the time graphs actually used in the final reduction of the 
observations. The range in the values of Z for this cruise was very small, and there was 
no indication that the results would be improved by such an adjustment as was made 
for Cruise II. 


Table 58 .— Logarithms of the Intensity Constants at 20° Centigrade of Sea Deflector 4, for Cruise III 


Date 

r 

Magnet 45 Distance 

Magnet 2L Distance 

M 

ignet 3 

Distance 

Shore 

Station 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1914 38 

9 0560 

8 9912 

8 9297 

8 8759 

8 9821 

8 9174 

8 8559 

8 8020 

8 7080 

8 6445 

8 5810 

8 5286 

Washington 

40 

61 

13 

296 

59 

22 

75 

60 

21 

80 

46 

12 

86 


45 

65 

14 

294 

59 

23 

77 

62 

23 

81 

47 

18 

86 


50 

69 

16 

292 

59 

24 

80 

63 

26 

82 

49 

24 

85 


54 

71 

17 

290 

69 

25 

82 

65 

28 

83 

50 

28 

85 

Hammerfest 

55 

72 

17 

291 

59 

26 

83 

66 

29 

84 

50 

28 

85 


60 

73 

17 

295 

61 

30 

86 

70 

32 

88 

51 

29 

88 


65 

74 

17 

299 

62 

35 

90 

74 

35 

93 

51 

30 

90 


67 

74 

17 

301 

63 

36 

91 

75 

36 

94 

52 

30 

91 

Reykjavik 

70 

73 

16 

301 

63 

36 

92 

75 

37 

95 

53 

28 

91 


75 

70 

15 

300 

65 

35 

92 

73 

39 

96 

55 

24 

90 


80 

65 

13 

300 

66 

34 

92 

72 

41 

97 

58 

21 

89 


85 

68 

11 

300 

68 

33 

93 

71 

43 

98 

60 

17 

88 


86 

56 

11 

300 

68 

32 

93 

71 

43 

98 

61 

16 

88 

Washington 


Discussion of changes in intensity constants of ' sea deflector . As already stated (see p. 
236), the intensity constant, mC =H sin u, is subject to change 1 because of (1) the effect 
of change in the temperature, t, both on the magnetic moment, m, and on the deflection 
distance, r; (2) the effect arising from the aging of the deflecting magnet and the conse- 
quent time-change in m; and ( 3) the effect due to change in the vertical intensity, Z. 

‘It « assumed that possible changes in the distribution coefficients, P and Q, for the deflecting and compass magnets, 
and in the induction factor n ( M - mh, where h is the induction coefficient for the deflecting magnet), are so small as to be 
negligible for work at sea. 
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The first effect (1) may be expressed by the introduction of a temperature factor q in 
a term of the form qAt. The factor q may be determined from shore observations by 
selecting those best suited, i. e., those made at stations where the range in temperature 
during observations has been large, and for which magnetic conditions were normal. The 
separate determinations of q from various shore observations must be weighted accor ding 
to the mean range of temperature from which each is deduced; it may also be necessary 
to weight values somewhat according to the magnetic conditions at the station concerned. 
Every precaution must be taken, of course, to guard against sudden or irregular tempera- 
ture changes during observations to determine constants at shore stations. 

The second effect (2) may be expressed satisfactorily, at least for well-seasoned mag- 
nets, by a term involving the first power of the difference in time from some selected epoch, 
T 0 , and an aging coefficient x, thus: x (r — r 0 ), or xAt. 

The third effect (3) is more complex. There is a value of the vertical intensity, desig- 
nated z, for which the magnetic field of the compass system of magnets, tilted about the 
pivot support by the action of Z, is symmetrically disposed with reference to the field of 
the deflecting magnet. Any departure of the magnet system from this balanced position, 
such as occurs when the instrument is at a station for which the value of Z is different 
from z, always increases the constant mC. This is shown by examination of the deflector 
intensity-constants on Cruises I to IV, for each magnet and for each distance used. The 
third effect (3) may, accordingly, be expressed by a squared term, involving the unknown 
2 , as defined above, and multiplied by a vertical-intensity factor y, thus: y (z - Zf. 

It appears, therefore, that the variable intensity-constants for the deflector may be 
expressed by the general formula 

log mC = w + xAr + y(z-Zy + qAt 

in which w represents the value of log mC at a standard temperature, t„ for an epoch, to, 
at a place where the vertical intensity is z; and in which At is (t, - t), t being the tempera- 
ture of observation. 

To obtain data for the determination of the intensity constants and their changes, 
observations of intensity with the sea deflector are made at every port for each deflecting 
magnet and each deflection distance. Simultaneous determinations of intensity are always 
obtained with a standardized magnetometer at an auxiliary station; the correction for 
the difference in intensity between the two stations is determined by simultaneous mag- 
netometer observations, involving exchange of station in accordance with the usual practice 
(see Vol. I, p. 219). The deflector observations are always made for four different orien- 
tations of the bearing ring, to eliminate and determine possible periodic effects. The scheme 
of observation followed is similar to that used on board ship (see p. 194). 

On page 240 are given specimen horizontal-intensity observations with sea deflector 4 
at the shore station Suva Vou, A , Fiji, for the deflecting magnet 45 at deflection distances 
1 and 3 and for the orientation 0°, together with an abstract of all the results and compu- 
tations of log mC t at the same station, for both deflecting magnets 45 and 2L at deflection 
distances 1 and 3. Observations to determine log mC for magnet 2L at distances 1 and 3 
for orientation 0°, corresponding to those given in the specimen for magnet 45, were made 
between chronometer times 3 h 22“ and 4 h 02“ and 3 h 31“ and 3 h 53“, respectively; those 
determinations thus apply to practically the same mean time as the determinations with 
magnet 45. The same order of observation is followed for each orientation. 
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Specimen Horizontal-Intensity Observations with Sea Deflector at Shore Station 


Station * Ay Suva Vou, Fiji 
Instrument Deflector No 4 


Date Tues , June 11, 1912 Obs’r H F J. 

Mark • Flagstaff on lower lighthouse ChronW 13733 


Onentation 

0° 

0° 

Magnet, Set 

Magnet 45, Set I 

Magnet 45, Set II 

Distance 

U1 

LI 

LI 

U1 

U3 

L3 

L3 

U3 

North End of Magnet 

E 

E 

W 

W 

W 

W 

E 

E 

Sight Line 

12 to 180° 

L2 to 0° 

L2 to 0° 

L2 to 180° 

Vernier A leads 

124°21 

125?50 

265 °87 

267° 02 

271 °72 

271°11 

120°30 

119°50 

Sight Line 

L2 to 0° 

1/2 to 180° 

L2 to 180° 

L2 to 0° 

Vernier B reads 

124° 10 

125°21 

265 °92 

267° 12 

271 °82 

271°11 

120°28 

119°32 

Mean Vernier Reading 

124 16 

125 36 

265 90 

267 07 

271 77 

271 11 

120 29 

119 41 

Mean Reading (U and L) 
Mean 2 u 

Mean u 

124 76 
38 28 
19 14 


86 48 


91 44 
28 41 
14 20 


119 85 


Magnetic meridian 

105 62 




105 64 




Chronometer time 

Mark reads on card 

Mark reads on circle 

h m 

2 50 
299°85 
345 95 

Vernier A 

h m 

4 34 
299°90 
165 88 

Vernier B 


Remarks 

Corr’n of Chron’r 13733 on L M T. is -12 h ll ra 
Magnetic articles were removed from observer and 
tent before beginning observations 


Beginning 

Ending 

Means 

Corr’n 13733 
L M. T. 


Set I 


Time 


h 

2 

4 


m 

52 

22 


3 37 
-12 11 
15 26 


Temp 


°C 
24 1 
22 7 


23 4 


Set II 


Time 


h m 

3 07 

4 11 


3 39 
-12 11 
15 28 


Temp 


°C 
23 0 
22 8 


22 9 


Specimen Determinations of Intensity Constant of Sea-Deflector 


Station * A } Suva Vou, Fiji 
Instrument. Deflector No 4 


Date June 11, 12, 1912 


Obs'r. H F. J. 


Date 



Observed Deflection-Angle, u 

Horizontal 

Intensity 1 

C I W 
Standard 

Ori- 

enta- 

tion 

Local 

Mean 

Time 

Magnet 45 

Magnet 2L 

Dist 

ance 1 

Distance 3 

Distance 1 

Distance 3 

t 

u 

t 

u 

t 

u 

i 

u 

1912 
June 11 

12 

12 

12 

Means 

0 

0 

90 

180 

270 

h 

15 4 
11 4 
13 6 
15 0 

°C 

23 4 

24 8 

25 4 

26 9 

0 

19 14 
19 08 
19 08 
19 08 

°C 
22 9 

24 7 

25 6 

26 6 

0 

14 20 
14 16 
14 17 
14 13 

°C 
22 9 
24 4 
26 0 
26 8 

o 

16 14 
16 07 
16 11 
16 09 

°C 

22 9 

24 6 

25 6 

26 4 

0 

12 03 
11 89 
11 96 
11 98 

c g s 

0 34703 
34741 
34711 
34720 


25 12 

19 095 

24 95 

14 165 

25 02 

16 102 

24 88 

11 965 

0 34719 1 

Log sin u 

Log H 

Log mCt 

Log ?nC at mean ob- 
served t, 25 °0 2 

9 51473 

9 54057 

9 05530 

9.05533 

9 38866 

9 54057 

8 92923 

8 92922 

9 44302 

9 54057 

8 98359 

8 98359 

9.31663 

9.54057 

8 85720 

8 85718 

( 

\ 


, , simultaneous horizontal-intensity observations with magnetometer 2, reduced to C I W Standard were 
station Suva Vou^, and were referred to station Suva Von, A, by means of the stat.on-diffLnce U - Rr^ +O OOOsI 
c G s unit, determined from magnetometer comparisons ^ } u ouuoi 

HJsing the temperature-factor values 0 00026 and 0 00014 or magnets 45 and 2L, respectively 
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Table 59 gives a condensed summary of the observed and computed data for the 
adopted intensity-constants of sea deflector 4, used on Cruise II during April 1911 to 
December 1913. This table is typical of the reductions made for each deflecting needle 
and each deflection distance for the separate cruises. 


Table 59 . — Intensity Constants of Sea Deflector 4, Determined at Shore Stations during Cruise II 








Logarithms of Intensity Constant mC 1 



Magnetic Elements 


Observed Values at Temperature, t 


Station 

Date 





Magnet 45 


Magnet 2L 



H 

j 

% 

■ 


■ 

Distance 






1 


1 

3 

Cape Town, D 

1911 24 

c g s 

0 176 

0 

—60 0 

c g 8. 
-0 304 

°C 

21 2 

9 05864 

8 93230 

°C 

22 4 

8 98572 

8 85949 

Colombo, B 

1911 45 

0 382 

- 4 6 

-0 031 

30 4 

9 05596 

8 92938 

30 5 

8 98382 

8 85671 

Mauritius* 8 

1911 60 

0 233 

-54 5 

-0 322 

24 5 

9 05835 

8 93225 

24 5 

8 98494 

8 85813 

Colombo, A and B 

1911 70 

0 381 

- 4 6 

-0 030 

30 3 

9 05622 

8 92993 

IftH 

mi 

8 85659 

Batavia 4 

1911 84 

0 367 

-31 3 

-0 224 

29 2 

9 05648 

8 93012 

29.1 

8 98320 


Antipolo, B and C s 

1912 11 

0 382 

+16 2 

+0 111 

29 9 

9 05291 


29 9 

8 98229 

EIS91 

Suva Vou, A 

1912 44 

0 347 

-38 5 

-0 278 

25 0 



25 0 

8 98359 

8 85718 

Papeete* 6 

1912 72 

0 339 

-29 6 

-0 193 

26 5 

9 05464 


26 5 

8 98221 

8 85590 

Coronel, A 

1912 91 

0 267 

-35 5 

-0 190 

18 5 

9 05681 

8 93051 

18 4 

8 98404 

8 85689 

Port Stanley, B and C 

1913 12 

0 265 

-45 9 

-0 273 

13 1 


8 93165 

13 2 

8 98505 

8 85867 

Jaburu, B and C 

1913 33 

0 265 

-24 

-0 011 

27 6 

9 05414 

8 92780 

27 8 

8 98116 

8 85489 

Longwood,* B and C 

1913 49 

0 218 

-37 2 

-0 166 

19 0 

9 05628 

8 92974 

18 9 

8.98283 

EISl 

Falmouth, B 

1913 71 

0 188 

+66 5 

+0 432 

16 7 

9 05695 

8 93082 

17 0 

8 98361 

8 85719 

Washington, C 

1914 04 

f " 

0 192 

+70 9 

+0 555 

9 0 

9 05858 

8 93240 


8 98499 

8.85835 


Logarithms of Intensity Constant mC l 


Computed Values 2 at Temperature t 


Station 

Date 

Magnet 45 Distance 

Magnet 2L Distance 

Magnet 45 Distance 

Magnet 2L Distance 

1 

3 

1 

3 

1 

3 

1 

3 

Cape Town, D 

1911 24 

9 05864 

8 93226 

8 98562 

8 85902 

00000 

+ 00004 

+ 00010 

+ 00047 

Colombo, B 

1911 45 

9 05596 

8 92944 

8 98316 

8 85660 

00000 

- 00006 

+ 00066 

+ 00011 

Mauritius* 3 

1911 60 

9 05834 

8 93229 

8 98504 

8 85845 

+ 00001 

- 00004 

- 00010 

- 00032 

Colombo, A and B 

1911 70 

9 05623 

8 92987 

8 98289 

8 85636 

- 00001 

+ 00006 

- 00026 

+ 00023 

Batavia 4 

1911 84 

9 05650 

8 93012 

8 98356 

8 85701 

- 00002 

00000 

- 00036 

- 00037 

Antipolo, B and C 5 

1912 11 

9 05311 

8 92688 

8 98240 

8 85589 

- 00020 

- 00035 

- 00011 

- 00014 

Suva Vou, A 

1912 44 

9 05522 

8 92882 

8 98373 

8 85721 

+ 00011 

+ 00040 

- 00014 

- 00003 

Papeete* 6 

1912 72 

9 05462 

8 92820 

8 98276 

8 85628 

+ 00002 

+ 00008 

- 00055 

- 00038 

Coronel, A 

1912 91 

9 05671 

8 93026 

8 98366 

8 85719 

+ 00010 

+ 00025 

+ 00038 

- 00030 

Port Stanley, B and C 

1913 12 

9 05838 

8 93188 

8 98457 

8 85810 

- 00001 

- 00023 

+ 00048 

+ 00057 

Jaburu, B and C 

1913 33 

9 05400 

8 92755 

8 98135 

8 85492 

+ 00014 

+ 00025 

- 00019 

- 00003 

Longwood,* B and C 

1913 49 

9 05659 

8 93005 

8 98281 

8 85640 

- 00031 

- 00031 

+ 00002 

+ 00012 

Falmouth 

1913 71 

9 05664 

8 93049 

8 98345 

8 85697 

+ 00031 

+ 00033 

+ 00006 

+ 00022 

Washington, C 

1914 04 

9 05878 

8 93274 

8 98504 

8 85855 

- 00020 

- 00034 

- 00005 

- 00020 


Logarithm Differences (Observed 
Minus Computed) 


♦Stations so marked are locally disturbed 
*A11 values are based onC I W Standards 

2 For the formulae adopted from least-square adjustments, see Table 57, p 238 
3 The observations were made at Pamplemousses, stations B and C 
4 The observations were made at Weltevreden, stations A and B 

8 There was a change in the condition of magnet 45 just before the shore observations at Antipolo and therefore a change 
m the adopted formulse for this magnet from Antipolo (See p 238 ) 

*The observations were made at stations A and B on small coral island m Papeete Harbor 
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Ocean Magnetic Observations, 1905-16 
Inclination Observations. 

Sea dip-circle. — Specimen observations and computations for the determination of 
inclination, I, on board ship with the sea dip-circle, are fully shown on pages 219-222. Incli- 
nation corrections for each needle were determined at Washington, and at each shore 
station, by comparisons between the sea dip-circles and standardized land dip-circles or 
standardized earth-inductors. During the Carnegie cruises inclinations were almost 
always observed with both polarities of the regular dip-needles. When that was not done, 
polarity corrections were derived from preceding and following observations, made with 
both polarities. 

The deterioration of the dip-needle pivots, used with the circles on the Carnegie, was 
more rapid than on the Galilee. It is probable that the greater trouble experienced on that 
account was caused chiefly by the gases and waste products unavoidably present in the 
engine and gas-producer rooms, which are quite close to the instrument store-room, sup- 
plemented by the large temperature changes during the operation of the gas-producer 
plant and gas engine. This rapid deterioration of pivots caused both progressive and 
erratic time-changes in the inclination corrections, in addition to those changes which 
depend upon magnetic field and upon pivot-section irregularities. It was thus not possible, 
in the Carnegie work, to rely wholly on least-square adjustments of the available data in 
accordance with the general formula 

FAI = x + zcosI +ysml 

which was used for practically all of the Galilee work. The adopted corrections, there- 
fore, for Cruises I to IV, except for Cruise I, are based upon a combination of (1) adjusted 
formulae corresponding to the above equation, and (2) a linear time-change between the 
corrections determined at successive shore stations. 

Specimen observations and reductions for determination of inclination corrections are 
given on pages 243—246. These specimens are typical of the determinations made for each 
needle at a shore station. The order of observation followed is such that the mean times of 
the needles in a set of determinations will be practically the same. The order, for example, 
■with a circle provided with dip needles 1 and 2, and intensity-needle pair 3 and 4, would be : 
(1) inclination observations with polarity A north for needle 1, (2) corresponding observa- 
tions with needle 2, (3) loaded-dip observations with needle 4, (4) deflected-dip observa- 
tions with suspended needle 3 face direct” at short deflection-distance, (5) corresponding 
observations with needle 3 at long deflection-distance, (6) deflected-dip observations 
with suspended needle 3 “face reversed” at long deflection-distance, (7) corresponding 
observations with needle 3 at short deflection-distance, (8) loaded-dip observations with 
needle 4, (9) inclination observations with polarity B north with needle 2, and finally (10) 
corresponding observations with needle 1. For a typical compilation, showing the observed 
and adjusted values of inclination corrections for an entire cruise, see Table 19, page 72. 

Marine earth-inductor. The satisfactory performances of earth inductors of various 
makes and designs, as evidenced by the extensive comparison work of the Department of 
Terrestrial Magnetism, indicated that the inclination correction for a well-made inductor 
is practically the same for all magnetic fields. In view of the difficulties experienced, 
because of the changes with magnetic field in the needle inclination-corrections of the 
sea dip-circles, and particularly because of the more or less erratic changes arising from 
unavoidable needle-pivot deterioration, the desirability of adapting the earth inductor 
for use on board ship was early appreciated. Therefore, after an extended theoretical 
study of the conditions involved, 1 the design and construction of an earth inductor, with 
appurtenances suitable for observation at sea, was under taken by the Department of 

*0/ Dorsey, N E. The Theory of the Earth Inductor as an Inclinometer Terr Mag , vol. 18, pp 1-38 
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Inclination Observations with Sea Dip-Circle at Shore Station 


Station A, Suva Vou, Fiji Date Mon , June 17, 1912 Obs’r- H. D F 

Dip Circle- No 189 Needle: No 5 Chron’r- No 51 


End of needle marked A south down Micro A : Down 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

0 / 

141 45 

44 

o t 

321 52 

52 

0 / 

38 18 

21 

0 / 

218 26 

28 

o / 

38 06 

06 

O f 

218 02 

00 

0 / 

141 27 

25 

0 / 

321 27 

25 

38 15 5 
-38° 

38 08 0 
11'8 

—38° 

38 19 5 
—38° 

1715 

38 27 0 
23 '2 

Mean: - 

38 06 0 
—38° 

38° 18*. 2 

38 01 0 
03 '5 

—38° 

38 34 0 
— 38 c 

18*. 8 

38 34 0 
34'0 

Polarity 1 reversed End of needle marked B south down Micro. A’ Up 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

0 / 

141 38 

37 

o / 

321 28 

32 

o t 

37 54 

49 

o / 

217 50 

46 

o / 

38 20 

20 

o / 

218 25 

26 

O f 

141 59 

59 

O t 

322 07 

07 

38 22 5 
-38° 

38 30 0 
26*. 2 

—38° 

37 51 5 
—37° 

08*0 

37 48 0 
49*8 

Mean: — 

38 20 0 
—38° 

38° 09 '0 

38 25 5 
22*. 8 

-38° 

38 01 0 
-37° 

09*9 

37 53 0 

57 ’.0 

Resultmg Inclination: —38° 13*6 — 0*0 2 = — 38° 13*6 

Chron time of beginning 

Chron time of ending 

Mean chronometer time 

Chron correction on L M T 

Local mean time 

Magnetic meridian reads 

h m 

12 37 

14 17 

Circle m mag prime vertical ° ' 

Circle N Needle S end 78 52 

11 ~ AT 1 t-rn 

13 27 

0 00 

JL> CCUU3 C11U 

Circle S Needle N end 

Needle S end 

Mean 

259 00 
259 12 

13 27 

78 57 

168° 57' 
348 57 

Remarks Footscrew C was north 


Polarity reversed by 10 strokes of bar magnets on each face 


2 The so-called polarity-correction 
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Specimen Determinations of Inclination Corrections of Sea Dip-Circle 

Station. A and B, Suva Von, Fiji Date: June 17, 18, 19, 1912 Obs’rs. H. D. F. and 
Instrument Sea dip-circle 189 H. M. E, 


Date 

Local 

Mean 

Time 

Inclination Obtained 1 

C.I. W. by 
E I. 2 2 

Needle No 

5 

9 

6 

7 DBS 3 

7 DEL* 

1912 
June 17 
17 

17 

18 
18 
18 
18 
19 
19 
19 
19 
19 

h m 
13 27 

13 30 
15 04 
10 55 
12 06 

14 55 
14 55 
10 43 
12 36 
14 47 
14 48 
14 51 

O ! 

-38 28 9 
29 0 
28 8 

27 9 

28 1 
28 9 
28.9 
28 0 
28 1 
28 0 
28 0 
27 8 

0 t 

-38 13.6 

” 1U8 
13.6 

’ 12*. 3 
12.5 
12.4 

0 / 

-38 33 2 

’ ** ‘33 0’ 
33.0 

' * 32 7 

*“32 4 

33 3 

34 6 

o / 

-38’27!8 

25.6 

27^5 

26.3 

O / 

* -38 4i 8 
40 2 
42 0 

42 0* 
39 9 

” ’ 39 3 

0 / 

-38 19 6 

18 7 

19 1 
19 6 

16 6 
15 9 

* 17 0 

Date 

Local 

Mean 

Time 

Resulting Corrections Sea Dip-Circle 189 
Needle No. 

Remarks 

5 

9 

6 

7 DRS* 

7 DRI} 

1912 
June 17 
17 

17 

18 
18 
18 
18 
19 
19 
19 
19 
19 

h m 
13 27 

13 30 
15 04 
10 55 
12 06 

14 55 
14 55 
10 43 
12 36 
14 47 
14 48 
14 51 

/ 

-15 3 

-17 6 
-14 3 

—15 7 
-15 6 
-15 6 

/ 

+4 3 

+4^2* 

+5.1 

+A8* 

+4.*4* 

+5.2 

+6.6 

f 

-1 1 
-3 3 

’-0 5 
-1 7 

t 

+12 8* 
+11 4 
+14 1 

+14.0' 

+11.8 

’+li 5* 

t 

— 9.4 
-10.1 

- 8.8 
- 8.5 

'-li:4 

-12.2 

-10 8 

Earth inductor 2 at B, 
dip circle 189 at A 

Earth inductor 2 at A, 
dip circle 189 at B 

Mean inclination- 
corrections 

-15 6 

+4.8 

-1 6 

+12 6 

-10 2 



1 A11 values are referred to A; A = 5 — Oil. 

a The correction applied to observed values by earth inductor 2, to reduce them toC.I W Standard, was —O'. 7 
z 7bbs is the designation for the mean value for needle 7 in direct and reversed positions when deflected by needle 8 at the 
short deflection-distance, 7drl is the corresponding designation for the long deflection-distance. 


Terrestrial Magnetism. A description of the instrument and accessories, its theory, an 
explanation of its use, and specimen observations and computations for magnetic inclina- 
tion on board ship, are given on pages 196-202 and 221-224. 

At each shore station comparison observations are made between the marine earth- 
inductor and the standardized land earth-inductor, to control any possible change in the 
inclination correction of the first instrument, as well as its constancy. Spec im en determi- 
nations at a shore station with the marine inductor, and a specimen s umm ary of the results 
for an entire set at a single shore station, are given on pages 245-246. 

Marine ecrth-inductor S . — Marine earth-inductor 3 was used on the Carnegie during 
Cruises II (from September 1912), III, and IY. This instrument, with its special rever- 
sible gimbal-stand for use on board ship, was designed and constructed by the Department 
of Terrestrial Magnetism. It is provided with a marine moving-coil galvanometer, 
designed and constructed by the Leeds and Northrup Company. The adopted inclination- 
correction from all available data is, for all values of inclination, — l'O. 
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Inclination Observations with Marine Earth-Inductor at Shore Station 

Station' Jarrah Peg, Christchurch, N Z. Date * Fri , Apr. 28, 1916 ObsW * I A. L. 

Marine Earth Inductor. No. 3 Footscrew. A north Chron 1 r. No 53151 


Commutator Down 

Commutator Up 

Circle East 

Chron 

Time 

Rota- 

tion 1 

Vertical Circle 

Chron. 

Time 

Rota- 

tion 

Vertical Circle 

Ver A 

B 

Mean 

Ver. A 

B 

Mean 

h m 
16 09 

16 16 

+ 

+ 

0 / 

68 06 5 
10 0 
09 5 
07 4 

t 

06 2 
08 8 
09 0 
06 6 

o / 

68 06.4 
09 4 
09 2 
07 0 

h m 
16 42 

16 48 

+ 

+ 

o t 

248 04 5 
06 0 
06 4 
05 0 

t 

03 5 
05 0 
05 5 

04 0 

o / 

248 04.0 

05 5 

06 0 
04 5 

16 12 

Means 

68 08 0 

16 45 

Means 

248 05 0 

Inclination for Circle East 

-68 08 0 

Inclination for Circle East 

-68 05 0 

Circle West 

16 20 

16 26 

+ 

+ 

111 51 5 
53 5 
53 2 
50 5 

51 0 
53 5 
52.8 
50 0 

111 51 2 
53 5 
53 0 
50 2 

16 33 

16 39 

+ 

+ 

291 52 0 
55 5 
55 6 
54 5 

51 5 
54 4 
54 4 
53 5 

291 51 8 
55 0 
55 0 
54 0 

16 23 

Means 

111 52 0 

16 36 

Means 

291 54 0 

Inclination for Circle West 

-68 08 0 

Inclination for Circle West 

-68 06 0 

Mean Inclination Commutator 
Down 

-68 08 0 

Mean Inclination Commutator Up 

-68 05 5 

Mean chron. time 

Chron corr on L. M T. 

Local mean time 

Commutator 

Magnetic Meridian 

Down 

Up 

Compass End 

Horizontal 

Circle 

h m 
16 17 
-0 49 

h m 
16 40 
-0 49 

North 

South 

South 

North 

Mean 

0 / 

138 38 
318 38 
318 14 
138 13 

15 28 

15 51 

Remarks 

Magnetic meridian reads 138° 26' and 318° 26' by Vernier A 

138 26 
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1 Plua stands for coil spun in right-hand direction, and minus for coil spun in left-hand direction. 




246 


Ocean Magnetic Observations, 1905-16 


Specimen Determinations of Inclination Corrections oj Marine Earth-Inductor 

Stations * Jarrah Peg and Brass Pipe, Date: April 28, 29, May 2, 1916 Obs’rs: H M. E. and 

Christchurch, N. Z. Instrument * Marine earth-inductor 3 I A. L. 


Date 

Local 

Mean 

Time 

Inclination Obtained 1 

Resulting Cor- 
rections Earth 
Inductor 3 
Commutator 

Remarks 

CIVby 

Inductor 

25 s 

Earth Inductor 3 
Commutator 

Up 

Down 

Up 

Down 

1916 

h 

m 

O I 

o t 

0 t 

/ 

t 


Apr 28 

14 

42 

—68 06 5 


-68 05 6 


-0 9 


28 

15 

06 

06 5 


06 2 


-0 3 


28 

15 

28 

07 6 


08 0 


+0 4 


28 

15 

51 

05 9 

-68 05 5 


-0 4 



28 

16 

10 

05 3 

04 9 


-0 4 



28 

16 

2 7 

06 3 

05 8 


-0 5 


Inductor 25 at station 

29 

9 

26 

05 4 

. 

05 6 

# 

+0 2 

Brass Pipe; indue- 

29 

9 

53 

05 6 

. 

06 0 


+0 4 

| tor 3 at station 

29 

10 

10 

05 6 

05 2 

. . 

-0 4 


Jarrah Peg 

29 

10 

28 

06 1 

05 8 


-0 3 



29 

10 

56 

08 3 


08 2 


-0 1 


29 

11 

13 

10 3 


10 2 


-0 1 


29 

11 

33 

12 0 

11 3 


-0 7 



29 

11 

55 

11 8 

11 2 


-0 6 



May 2 

8 

42 

06 2 


06 0 


-0 2 


2 

8 

58 

05 7 


05 8 


+0 1 


2 

9 

12 

05 9 

05 4 


-0 5 



2 

9 

26 

05 5 

05 0 


-0 5 



2 

9 

50 

05 0 


05 0 


o 6 


2 

10 

07 

04 7 


05 0 


+0 3 

Inductor 25 at station 

2 

10 

34 

04 4 


04 5 


+0 1 

Jarrah Peg ; induc- 

2 

10 

61 

04 2 

03 6’ 


1-0 6 

tor 3 at station 

2 

11 

05 

03 6 

03 2 


-0 4 


Brass Pipe 

2 

11 

40 

04 2 


04 3 


+6 i 


2 

12 

00 

04 4 


04 2 


-0 2 


2 

12 

16 

04 4 

03 5 


-0 9 



2 

12 

32 

04 5 

03 9 

* 

-0 6 



Mean values for A I 



-0 *59 

— n ni 


Mean Al for commutator up and down 


— 0.'3 



lr rhe station-difference between the stations Jarrah Peg and Brass Pipe is O.'O 

n T 2 ^ e o C f >rr applie ^ /? observed values by the inductor attachment of magnetometer-inductor 26, to reduce them to 
C. I W. Standard, was —0.5 
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Total-Intensity Observations. 

Sea dip-circle. — Complete specimen observations and computations for total intensity, 
F, with the sea dip-circle, and the indirect determination of inclination, I, from the deflec- 
tion observations, are shown on pages 219 and 220. The value of the horizontal intensity, 
H, is obtained by the formula 

H =F cos I 

As the method employed is a relative one, it is essential that no change be made in the 
weight used with the loaded-dip needle, and that its position be not shifted from one end 
of the needle to the other during a cruise; furthermore, the magnetism of the loaded-dip 
and deflected needles, except for the normal changes with time, must remain unchanged. 
The reduction formulae for the total intensity are: 

Loaded-dip observations only, F=C t cos /' esc u 

Deflection observations only, F = C d esc u x 

Both loaded-dip and deflection observations, F=C Vcos V esc u esc u x 

where I' is the loaded-dip angle, u x is the deflection angle, u — I — V, C t is the loaded-dip 

jr 

constant = — , C d is the deflected-dip constant = Kim, and C is the combined constant = 
m’ 

VKK x . The constants C, and C d involve the magnetic moment, m, of the loaded-dip 
needle, and are both, therefore, subject to change with temperature and with time. Ci, 
furthermore, involves the induction correction which is a function of F. C d is affected 
also by changes in deflection distances, due to temperature changes, as well as by any 
changes in the dis tribution coefficients. Two deflection distances, designated short (S) 
and long (L), are provided in the modified sea dip-circle (see p. 195), and thus there are 
two independent sets of constants. In deflection observations there are also two positions 
of the deflected or suspended magnet, designated “direct” (D) and “reversed” (R ) ; 
“direct” position means that the face of the deflected needle is towards the face of the 
vertical circle; “reversed” position means that the face of the deflected needle is towards 
the back of the vertical circle. For all of the Carnegie work the deflection observations 
were made in both “direct” and “reversed” positions for each determination, and, there- 
fore, the constants to be controlled by shore observations for that work are: Ci, Cadr for S, 
and C dD R for L. Values of these intensity constants were determined at each shore station 
and at Washington by means of comparisons between the sea dip-circles and standardized 
land magnetometers and inclination instruments. 

Specimen observations and reductions for the determination of the constants are given 
on pages 248-250. The specimens are typical of the compilations made for each pair of 
intensity needles. The order followed in the observations is such that the mean times of 
the three determinations of constants will be practically the same. The order is as 
follows: (1) loaded-dip observations, set I; (2) deflected-dip observations for “direct” 
position and short distance; (3) deflected-dip observations for “direct” position and long 
distance; (4) deflected-dip observations for “reversed” position and long distance; (5) 
deflected-dip observations for “reversed” position and short distance; and finally (6) 
loaded-dip observations, set II. 

Because of the development of microscopic rust-pits on the needle pivots there are 
erratic changes in the intensity constants. It was, therefore, necessary to depend entirely 
upon graphical adjustments, or upon linear interpolations with time between shore-station 
values. The method adopted for each cruise is given with the summary of constants 
(pp. 250-252). 
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Total Intensity: Loaded-Dip Observations with Sea Dip-Circle at Shore Station 


Station: A , Suva You, Fiji 
Dip Circle . No. 189 


Date: Mon , June 17, 1912 
Needle No 8 loaded; wt 11 


Ob&'r H. D F 
Chron’r: No. 51 


End of needle marked A north up j 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face^East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

© / 

124 17 

17 

0 / 

304 19 

20 

0 / 

55 40 

39 

o / 

235 43 

43 

0 / 

55 43 

44 

0 / 

235 46 

48 

o / 

124 11 

12 

0 / 

304 14 

13 

55 43 0 
—55° 

55 40.5 
41 '8 

—55° 

55 39 5 
—55° 

4115 

55 43 0 
41 '2 

Mean I£. 

55 43.5 
-55° 

-55° 44 *.0 

55 47 0 
45t2 

—55° 

55 48 5 
-55° 

46 '.4 

55 46 5 
47 '5 

End of needle marked A north up jj 

Circle East 

Circle West 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Needle Face East 

Needle Face West 

S 

N 

S 

N 

S 

N 

S 

N 

O ! 

124 16 

17 

0 / 

304 17 

18 

0 / 

55 40 

38 

O t 

235 40 

40 

0 / 

55 45 

46 

O / 

235 46 

48 

O / 

124 16 

15 

0 / 

304 13 

15 

55 43.5 
-55° 

55 42 5 
43 :o 

—55° 

55 39 0 
-55° 

41*2 

55 40 0 
39 '5 

Meanii. - 

55 45.5 
-55° 

-55° 43 '4 

55 47 0 
46t2 

—55° 

55 44 5 
-55° 

45 '7 

55 46 0 
45 '2 

Mean T for 1 and IT -55° 43 '7 

Set 

Beginning 

Ending 

Means 

Chron. corr. on 1 M T. 

Local mean time 

Mean L. M T 

Chron. Times 

Temperatures 

Remarks 

Magnetic-meridian setting as de- 
termined by prime - vertical 
method with needle 5 

Footscrew C was north 

i 

h m 
13 01 
13 10 

ii 

h m 
13 52 
13 58 

I 

°C 

25 6 
25 6 

II 

°c 

25 9 

26 2 

13 06 

0 00 

13 55 
0 00 

25 6 

26 0 

13 06 

13 55 

Meani 
sets I 

or sets 
and II 

13* 30* 

25°8 

Magnetic meridian reads 168 a 

57' and 348° 57' 
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Total Intensity: Deflection Observations with Sea Dip-Circle at Shore Station 

Station.. A, Suva Vou, Fiji Date: Mon, June 17, 1912 Obs’r. H D. F 

Dip Circle: No. 189 Needle- No 7 suspended, 8 deflecting Chron’r: No. 51 


End of suspended needle marked A north Distance Short 

Circle East 

Circle West 

Needle Face East 

Needle Face West 

Micro Direct 

Micro Reversed 

Micro Reversed 

Micro Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o / 

184 15 

15 

15 

16 

0 / 

o / 

97 57 

56 

o / 

277 52 

51 

0 / 

81 26 

23 

o / 

261 20 

21 

0 / 

355 31 

32 

30 

31 

o / 

184 15.2 
184° 
—38 

15'2 

55 4 

97 56 5 
97° 
43 

Mean I D : 

97 51 5 
54'. 0 

10.6 

-38° 41 M 

81 24.5 
98° 
42 

81 20.5 
87 ‘.5 

55.8 

43° 03‘.2 

355 31.0 
184° 
-38 

29'0 

26.8 

Suspended needle turned face about on bearings Distance Short 

Circle West 

Circle East 

Needle Face East 

Needle Face West 

Micro Direct 

Micro Reversed 

Micro Reversed 

Micro. Direct 

S 

N 

S 

N 

S 

N 

S 

N 

o / 

355 47 

48 

47 

48 

o r 

o r 

82 00 

81 56 

o / 

262 11 

09 

0 / 

98 14 

13 

o / 

278 25 

25 

0 / 

184 42 

43 

42 

41 

o / 

355 47 5 
184° 
-38 

12' 5 

55 8 

00 

| 

r com-, 

^ o o 

82 10 0 
56 '0 

08 2 

-38° 42'. 

98 13 5 
98° 
43 

3 u 1R ' 

98 25 0 
19*2 

11 4 

43° 09 '8 

184 42.0 
184° 
-38 

42 '0 

29 4 

Resulting Means for Needle 7 D and R I — — 38°41f8; = 43°06f5 

Beginning Direct 

Ending Direct 

Beginning Reversed 

Ending Reversed 

Means 

Chron. corr. on L. M. T. 

Local mean time 

Chron. 

time 

Temp 

Remarks 

Magnetic-meridian setting as determined by the 
prime-vertical method with needle 5 

Footscrew C was north 

The north end of needle 7, for the direct position of 
microscopes, was hidden by the frame carrying 
the agate bearings 

h m 
13 14 
13 21 
13 40 
13 48 

°c 

25 7 
25 7 
25 7 
25 7 

13 31 

0 OO 

25 7 

13 31 

Magnetic meridian reads 168° 57' and 348° 57' 
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Specimen Determinations of Intensity Constants of Sea Dip-Circle 


Station: A and B t Suva You, Fiji 


Instrument Sea dip-circle 189 


Obs’r: H. D F. 


I Station ] 

Date 

Local 

Mean 

Time 

Inclina- 
tion, I 1 

C I. W 
Standard 

Loaded Dip Needle 8, 
Weight 11 

Deflected Dip, Needle 7 Suspended, 8 Deflecting 

Short Distance 

Long Distance 


r 

u=I-I' 

Temp 





u iR 

A 

B 

1912 
June 17 

17 

18 
18 

June 19 
19 
19 

h 

13 5 
15 1 
10 9 
12 1 
10 8 
12 6 

14 8 

0 / 

—38 29 0 
-38 28 8 
-38 27 9 
-38 28 1 
-38 27 9 
-38 28 0 
-38 27 9 

°C 

25 8 

26.4 

26 0 

27^0 

26.5 
26 5 

0 / 

-55 43 7 

-55 42 9 
-55 43 5 

-55 44 9 
-55 43 8 
-55 44 0 

0 / 

17 14 7 
17 14 1 
17 15 6 

17 17 0 
17 15 8 
17 16 1 

°C 

25 7 

26 5 
26 0 

27 0 
26 6 
26 6 

0 / 

43 03 2 
43 01 9 

42 59 2 

43 0i 4 
43 00 5 
43 02 0 

0 / 

43 09 8 
43 07 7 
43 04 0 

43 11 2 
43 12 9 
43 06 7 

°C 

25 8 

26 5 
26 0 
24 7 
26 9 
26 2 
26 7 

0 / 

29 11 8 
29 15 7 
29 14 2 
29 14 5 
29 20 0 
29 19 0 
29 19 5 

0 t 

29 15 0 
29 20 4 
29 17 9 
29 15 4 
29 21 4 
29 19 8 
29 19 2 

Means 

-38 28 2 

26.4 

-55 43 8 

17 15 6 

26 4 

43 01 4 

43 08 7 

26 1 

29 16 4 

29 18 4 


Computations 


K 

Loaded-Dip Constant! Cj= — =£T sec I sin. u sec I 1 


Horizontal Intensity, 2 H 

Log# 

Log sec I 
Log sin u 
Log sec I' 

Log Ci at t° 


0.34693 


9 54024 
0.10628 
9.47233 
0.24942 


9 36827 


Deflected-Dip Constant. C d ~Kim-E sec I sin u x 


Distance 

Mean u x for D and R 

Log H (H—0 34693) 
Log sec I 
Log sin u DR 

Log CdDR at t° 


Short 

43° 05*0 

Long 

29° 17*. 4 

9 54024 
0.10628 

9 83446 

9 54024 

0 10628 

9 68951 

9 48098 

9 33603 


a ™ r m in — r vawtma, maae wnn eartn inductor 2 at station B on June 17 and 18, and at station 

difference (A ~B) *° L W Standard ' the v " aluea were referred to the dip-circle station by means of the station- 

I 618 B ™ lulta ' I10ou3 observations for B. The adopted value is the mean of 20 with standardized magnetom- 
eters 2 and 4. made at various times from 10*9 to 15*5 on June 11-14, 1912, and referred to the dip-circle stations 


Sea Dip-Circle Corrections. 

The adopted inclination-corrections and intensity-constants are given below for each 
sea dip-cireie. All corrections and constants are on the basis of C. I. W. Standards (see 
p. 232). For the regular dip-needles, the inclination corrections apply to complete deter- 
minations by both polarities, and for the deflected needle, to the mean of determinations 
made m both “direct” and “reversed” positions. All inclination values are referred to 
north-seeking end of needle, inclination of north-seeking end of needle below horizon being 
reckoned positive. All values of total intensity and horizontal intensity are reckoned positive; 
values of vertical intensity are given the same sign as the corresponding inclinations. AZ and F 
in the formulae are always expressed in minutes of arc and in c. g. s. units, respectively. 

Sea dip-circle 1 89 .— Sea dip-circle 189, manufactured by Dover, is of the latest pattern 
(see p. 195). It was used on Cruises I, II, III, and IV, except for March 1915. For 
Cruise I the adopted inclination-corrections are from a graphical adjustment of observed 
data at shore stations and of the data derived from the special experimental work at 
Washington. For Cruise II the adopted inclination-corrections are the means of values of 
A/i and Alg, derived by different methods: (1) by a least-square adjustment of all avail- 
able data for each needle in accordance with the formula 


FAIi - x 4 - 2 cos 1 + y sin I 

and (2) by a time interpolationbetween the observed corrections at the next preceding and next 
following stations; the adopted correction, AZ= f (AZi+ AZ 2 ) • For Cruise III the adopted 
corrections are the means of the values determined at the 4 shore stations where the sea 
instruments were compared with the standard instruments for control during this cruise. 
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The adopted inclination-corrections are taken from Table 60. 

Table 60 — Inclination Corrections for Sea Dip-Circle 189 


Cruise I 


Cruise II 
Method- 
1 


Cruise II 
Method- 
2 


Cruise 

III 


Inclination 

Regular Dip-Needles 

Needle No 7,Dandfi, 
deflected by Needle No. 8 

No. 9 

No. 10 

Short Distance 

Long Distance 

0 

+75 

r 

-6 8 

/ 

-6 0 

+1 4 

t 

+1 2 

+70 

-4 6 

-3 9 

+3 0 

+2 5 

+65 

-2 8 

-1 7 

+4 1 

+1 6 

+60 

-1 2 

0 0 

+5 2 

-0 7 

+55 

+0 2 

+1 4 

+6 2 

-2 5 

+50 

+1 5 

+2 7 

+7 2 

—2 3 

+45 

+2 7 

+3 8 

+8 2 

-1 I 

+40 

+3 5 

+5 0 

+9 0 

+0 5 


Number of 

Suspended 

Deflecting 

Needle 

Needle 

5 


9 


10 


7 D and R 

8 

7 D and R 

8 


Deflec- 

tion 

Distance 


Short 

Long 


Formulse for AI\ 


FAIi * -6 0 +6.5 cos 1+2 3 sin I 
FAIi « — 3 3 +4 6 cos J+l 4 sin I 
FAIi = -3 9+3 7 cos J+l 4 sin I 
FAIi = -3 4 +6 2 cos J+3 1 sm J 
FAIi * —6 0+7 5 cos J+0 0 am I 


Inclination-Correction Ah for Needle 


Date 

No 5 1 

No. 6 2 

No 9 

No. 10 1 

No 7 s' 

No 7 j} 


t 


/ 

r 

/ 

/ 

1910 44 



- 3 

-2 

+ 1 

+ 2 

1910 57 

, 


+ 2 

+7 

+ 5 

- 1 

1910 76 

„ 


+ 2 

+4 

+12 

- 1 

1910 95 



- 2 

0 


+ 2 

1911 06 



- 4 

+4 


- 1 

1911 26 



+ 1 

-1 

- 2 

-11 

1911 48 

- 6 

-2 

+10 

-7 

+10 

- 2 

1911 61 

+ 7 

+8 

+ 1 


- 6 

+ 5 

1911 70 

- 4 


+ 3 


+ 4 

- 5 

1911 83 

-13 


- 2 


+ 9 

-13 

1912 13 

+16 

+5 

+ 7 

. 

-10 

+17 

1912 46 

-16 

-2 

+ 6 


+13 

-10 

1912 72 

- 8 

, 

- 2 


+32 

- 2 

1912 92 

- 8 


+10 


-65 

+30 

1913 11 

+11 


+12 


-17 

+ © 

1913 33 

- 5 


+ 6 



+50 

1913 50 

- 7 


+13 



+11 

1913 72 

- 5 


+ 8 


+ 1 

-18 

1914 04 

- 1 


+11 


+ 2 

-12 


Inclination 


Regular Dip-Needles 


No 5 


+ 2'8 


No. 6 


— 1'8 


Needle No. 7, D and R , 
deflected by Needle No 8 


Short Distance 


+ 0'6 


Long Distance 


-5'2 


L Needle 5 was substituted for needle 10 in June 1911. 

*Method 2 only is used for needle 6; this needle was seldom used during Cruise II. 

•Mean value for needle 7 m “direct” and “reversed” position, deflected by needle 8 at short deflection-distance 
4 Mean value for needle 7 as for footnote 3, but at long deflection-distance 
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The adopted intensity-constants, C t , C dDRS , and C dDRL , are given in Table 61. For 
Cruise I they are obtained from a graphical adjustment of all the available data. For 
Cruises. II and III the values in Table 61 are those determined at shore stations for the 
dates given; for sea stations a direct time interpolation is made between the next precedmg 
and the next following values of the table. The adopted value of the temperature factor, 
q, is 0.0001 for both log C t and log C d . To refer a value at 20° centigrade, taken from 
Table 61, to the temperature, t, of observations, the following formulae are used: 

log C u = log C m -0.0001 (20° - t ) log C lt = log C m +0 0001 (20° - <) 


Table 61 —Intensity Constants at 20° Centigrade (Cm and C dn ) for Sea Dip-Circle 189. 


For 

Cruise 

Date 

Log Cko 
for Needle 
8 Loaded 
with 

Weight 11 

Log C^o for Needle 7 
Deflected by Needle 8 

Date 

Log Cm 
for Needle 
8 Loaded 
with 

Weight 11 

Log Caio for Needle 7 
Deflected by Needle 8 

Short 

Distance 

Long 

Distance 

Short 

Distance 

Long 

Distance 


1909 58 

9 3482 

9 4946 

9 3485 

1909 90 

9 3517 

9 4911 

9 3451 


1909 60 

9 3481 

9 4946 

9 3486 

1909 95 

9 3526 

9 4902 

9 3442 


1909 65 

9 3481 

9 4947 

9 3487 

1910 00 

9 3535 

9 4893 

9 3433 

I 

1909 70 

9 3484 

9 4944 

9 3484 

1910 05 

9 3544 

9 4884 

9 3424 


1909 75 

9 3490 

9 4938 

9 3478 

1910 10 

9 3553 

9 4875 

9 3415 


1909 80 

9 3498 

9 4929 

9 3469 

1910 15 

9 3562 

9 4866 

9 3406 


1909 85 

9 3508 

9 4920 

9 3460 






1910 44 

9 3556 

9 4864 

9 3407 

1912 12 

9 3551 

9 4810 

9 3318 


1910 57 

9 3545 

9 4852 

9 3416 

1912 46 

9 3676 

9 4816 

9 3366 


1910 76 

9 3565 

9 4864 

9 3410 

1912 72 

9 3696 

9 4836 

9 3328 


1910 95 

9 3595 

. 

9 3350 

1912 92 

9 3668 

9 4770 

9 3360 

II 

1911 06 

9 3645 

. 

9 3346 

1913 11 

9 3638 

9 4760 

9 3386 


1911 26 

9 3514 

9 4811 

9 3315 

1913 34 

9 3738 


9 3312 


1911 47 

9 3550 

9 4793 

9 3347 

1913 50 

9 3632 


9 3310 


1911 61 

9 3482 

9 4789 

9 3339 

1913 72 

9 3590 

9 4706 

9 3263 


1911 70 

9 3559 

9 4783 

9 3324 

1914 04 

9 3568 

9 4712 

9 3249 


1911 84 

9 3624 

9 4820 

9 3368 





hi 1 

1914 40 

9 3591 

9 4721 

9 3252 

1914 66 

9 3641 

9 4699 

9 3203 

\ 

1914 53 

9 3682 

9 4711 

9 3218 

1914 84 

9 3591 

9 4687 

9 3226 


Sea dip-circle 203 . — Sea dip-circle 203, manufactured by Dover, is of the latest pattern 
(see p. 195). It was carried as a reserve instrument and was used only at a few auxiliary 
land stations during Cruise I; the corrections adopted for these, from intercomparisons 
with earth inductor 2 and circle 201, are: mean of needles 9 and 10 at dip +67°, —6(9; at 
dip +54°, -4(6; needle 5 at dip +54°, -5(0. The logarithms of the adopted combined 
intensity-constant, for needles 7 and 8 (8 loaded with weight 31), in October 1909 are: 

Log C for short deflection-distance, 9.55463 
Log C for long deflection-distance, 9.48089 


CONSTANTS AND CORRECTIONS FOR LAND INSTRUMENTS. 

Descriptions op Magnetometers, Dip Circles, and Earth Inductors. 

The reduction formulae and methods of determining constants for the land instruments 
used in the Carnegie shore work and in the standardization of the ocean instruments d urin g 
1909-1916 were the same as those in Volume I (pp. 22-41). 

The types of magnetometers used are described and illustrated in Volumes I (pp. 2-7) 
and II (pp. 5—12); the details respecting them, and the adopted constants for the period 
1909-1916, are shown in Table 62. 

Magnetometers 2, 3, 4, 5, and 8 were manufactured by the Bausch and Lomb Optical 
Company of Rochester, New York; the magnets are hollow cylinders, the long magnets 
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being 7.5 cm. long, with inside diameter of 0.75 cm. and outside diameter of 1.00 cm., and 
the short mag nets b eing 3.5 cm. long, with inside diameter of 0.61 cm. and outside diameter 
of 0.82 cm. Universal magnetometers 14, 19, and 21, and magnetometer-inductor 25 
were designed and constructed by the Department of Terrestrial Magnetism; the magnets 
are hollow cylinders, the long magnets being 5.6 cm. long, with inside diameter of 0.60 cm. 
and outside diameter of 0.79 cm., and the short magnets being 2.6 cm. long, with inside 
diameter of 0.45 cm. and outside diameter of 0.65 cm. Phosphor-bronze-ribbon suspen- 
sions were used for all these instruments. 

Table 62 . — Details and Constants of Magnetometers Used , 1909-1914, 


[The o g s system of units is used throughout the table, the value of q is given for 1°C 1 




Diameter 

Hori- 

Moments of Long 

Distribution 

Indue- 

Tempera- 

Scale 



No 

Type 

Magnets at 20° C 

Coefficients 

tion 

Coeffi- 

cient 

ture 

Coeffi- 

cient 

Value 

for 

Declma- 

Deflection 

Distances 

Used 

Constants Apply 

zontal 


Magnetic 



for Period 



Circle 

Inertia 

P 

Q 

h 

Q 

tion 



1 

1(a) 

cm 

12 6 

162 

615 

+15 78 

-1000 

0 0116 

0 00035 

/ 

1 50 

cm. 

25, 27 5, 

Sept 1909 to Dec 








30, 35, 40 

1913 

E 

1(a) 

12 5 

166 

665 

+10 71 

+1000 

0 0088 

0 00041 

1 49 

25, 27 5, 
30, 35, 40 

1909 to 1914 

■ 

1(a) 

12 6 

156 

625 

+14 87 

- 881 

0 0116 

0 00035 

1 49 

25, 27 5, 

Sept. 1909 to Dec 








30, 35, 40 

1913 

6 

Ka) 

12 5 

234 

620 

+15 56 

- 570 

0 0063 

0 00046 

1 48 

25, 27 5, 

June 1914 to Oct 







30, 35, 40 

1914 

8 

Ka) 

12 5 

237 

507 

+14 67 

+ 24 

0 0063 

0 00037 

1 48 

25, 27 5, 
30, 35, 40 

March 1911 

14 

4 (b) 

10 1 

66 

280 

+ 7 81 2 

. 

0 0093 

0.00060 

1 95 

20,25, 28 

Apr to Sept. 1913 

19 

4 (b) 

12.0 

65 

285 

+ 7 60 2 


0 0091 

0 00048 

2 15 

20, 25, 28 

Sept 1912 to May 









1913 



10 2 

65 

305 

+ 7 54* 


0 0095 

0 00044 

1 97 

20, 25, 28 

June 1914 to Oct 









1914 


Magnetometer 3 is the standard magnetometer of the Department of Terrestrial Magnetism 
2 This value of P is the value of P', assuming that (1 + P'r~ 2 ) = (1 + Pr 2 + Q**~ 4 ). 


The dip-circles and universal magnetometers used to determine inclination at shore 
stations were of the patterns which are fully described and illustrated in Volumes I (pp. 
7-10) and II (pp. 7-9), viz: (a) the regular Kew land-pattern as made by Dover; (6) the 
sea dip-circle pattern (see p. 195) as made by Dover, and which was used for Cruise I; 
and the dip-circle attachment of the universal-magnetometer pattern, 4 (6), designed and 
constructed by the Department of Terrestrial Magnetism. To determine the magnetic 
declination at shore stations, a compass attachment, fully described and illustrated in 
Volume I (p. 9), was provided for each land and sea dip-circle. (See also this volume, pp. 
21 -23). 

The earth inductors used to determine the inclination at shore stations were of the 
patterns which are fully described and illustrated in Volumes I (pp. 10-11) and II (pp. 
9-15), and in this volume (pp. 196-200), viz: (a) the Wild-Eschenhagen pattern as made by 
Schulze and by Toepfer & Sohn; ( b ) the marine pattern, and the earth-inductor attach- 
ment of the magnetometer-inductor pattern, 4 (c) ; the last two types were designed and 
constructed by the Department of Terrestrial Magnetism. Earth-inductor 48, constructed 
by Schulze, and fully described and illustrated in Volume I (pp. 10-11), was the standard 
inclination instrument of the Department of Terrestrial Magnetism during 1909-1916. 
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Ocean Magnetic Observations, 1905-16 
Magnetometer Corrections. 

The corrections of each magnetometer on the adopted standard (see p. 232), were 
determined at Washington, before and after field use of the instrument and also in the field, 
whenever possible, by means of comparisons with other magnetometers. The accuracy 
of the mean corrections for the land instruments is usually about 0(2 in declination, and 
about O.OOOlff in horizontal intensity. The tabulated corrections are to be applied alge- 
braically, east declination being reckoned as positive and west declination as negative; 
horizontal intensity is always taken as positive. 

The tabulated ^-corrections are those actually applied in the final reductions of the 
observations, except for magnetometers 5, 14, 19, and 25, for which the values as given 
in Table 63 are the equivalent corrections on the basis of the finally adopted distribution 
coefficients given in Table 62, instead of the distribution coefficients first adopted and used 
in the original computations and revisions. 

Table 63 — Magnetometer Corrections on Adopted C I W. Standards for the Period 1609-1914. 


No. of 
Mag- 
netom- 
eter 

Correction to Observed 

Bemarks 

Decima- 

tion 

Horizontal 

Intensity 

2 

/ 

+0 2 

-0 00030# 

To December 1910 

2 

+0 1 

-0 0001077 

From January 1911 to December 1913 

3 

0 0 

H-0 0001577 

Standard magnetometer 

4 

H-0 5 

+0 00020IT 

From September 1909 to February 1910 

4 

4 0 4 

40 00024# 

From March 1910 to December 1913 

5 

-0 7 

-0 0008177 

From June 1914 to October 1914 

8 

-f-0 1 

-0 0001777 

March 1911 

14 

-0 7 

40 0002877 

From Apnl to September 1913 

19 

-0 2 

40 0003977 

From September 1912 to May 1913 

25 

-0 4 

40 0002617 

From June 1914 to October 1914 


Dep-Circle Corrections. 

• . inclination-observations at shore stations, the polarity of the needles 

is invariably reversed, and, hence, the so-called balance error caused by any eccentricity 
of the center of gravity of the needle is eliminated. There remains, however, the error 
caused by any irregularity of the figure of the pivot, and this will vary, in general, with the 
magnetic field. The correction data from all comparisons at Washington, in the field, 
and at observatories are utilized to determine for each needle an equation expressing the 
variation of the correction, AI, with total intensity, F, and inclination, 7, of the general 
form (see Volume I, p. 45, Volume II, p. 17, and this volume, p. 250) : 

FAI = x + z cos I + y sin I 

In the cases, however, where only a few reliable comparisons are available, and particularly 
in the tropics, where, because of the development of rust, a rapid deterioration of the dip 
needles is encountered, it has been necessary to depend for the corrections on a critical 
study of the differences exhibited by the needles among themselves, and then to work back 
from these differences to the base-station corrections. 

The adopted dip-corrections for the land dip-circles are given separately for each 
instrument; they are to be applied algebraically, inclination of the north-seeking end of 
the needle below the horizon being regarded as positive, and vice versa. In case of the 
shore stations of Cruise I, for which values obtained with the sea dip-circles are utilized 
in the Table of Results for shore stations, the corrections given in Table 60 and on 
pages 255-256 were applied. The declination corrections adopted for the dip-circle compass 
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Views on Cruise IV of the Carnegie, 1915-1916 


1 Brass and copper sheathing 3 Showing propeller blades 

2 At Dutch Harbor, August 1915 4 Standard magnetometer-inductor No 25 

5 At Lyttelton, triangular foresail 
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attachments follow the inclination corrections; the declination corrections adopted for 
the compass attachments of the sea dip-circles are given on page 256. 

Universal magnetometer 14- — Universal magnetometer 14, designed and constructed 
by the Department of Terrestrial Magnetism, was used during April to September 1913 on 
Cruise II. The adopted inclination-corrections are given in Table 64. 


Table 64. — Inclination Corrections for Universal Magnetometer 14 


Inclina- 

tion 

Correction for Dip Needle 

No 1 

No 2 

No 5 

No. 6 

0 

/ 

/ 

t 

t 

+70 

+0 3 

+1 6 

+0.9 

+0 5 

+60 

+0 1 

+1 2 

+0 8 

+0 3 

+50 

-0 2 

+0 5 

+0 5 

-0.1 

+10 

-0 8 

-1 9 

-0 6 

■au 

0 

-0 3 

-2 3 

-0 8 

■ SSj 

-10 

+0 3 

-2 6 

-1 1 

UK; U 

-20 

+0 8 

-2 7 

-1 4 

H 


Universal magnetometer 19. — Universal magnetometer 19, designed and constructed by 
the Department of Terrestrial Magnetism, was used during September 1912 to May 1913 
on Cruise II. The adopted inclination-corrections are given in Table 65. 


Table 65 — Inclination Corrections for Universal Magnetometer 19 


Inclina- 

Correction for Dip Needle 


tion 

No. 1 

No 2 

No 5 

No 6 

Remarks 

o 

' 

t 

/ 

f 


+70 

m 

+0 9 

-0 2 

-1 3 

Needles 1 and 5 are 

0 

m 

+0 6 

Ell 

-1 0 

somewhat erratic 

- 4 

Wzmm 

-0 2 

-0 5 

-0 6 

m behavior, and 

- 8 

+5 9 

-1 0 

-0 2 

-0 3 

frequently results 

-12 

+8 1 

-1 2 


-0 1 

with them have 

-16 

+8 7 

-1 1 

-0 1 

-0 1 

had to be reacted 

-20 

+6 1 

-0 6 

-0 9 

+0 2 

on that account, 

-24 


+0 2 

-2 5 

+0 8 

this has been par- 

-28 

+2 7 

-1 2 

-2 9 

+1 o 

ticularly the case 

-32 

+3 6 

-2 4 

-2 5 

+0 8 

for inclinations 

-36 

+4 1 

-1 8 

-2 3 

-0 1 

from -14° to -20° 


Land dip-circle 178. — Circle 178, manufactured by Dover, was used during Cruise I. 
While on board the Carnegie the needle pivots deteriorated rapidly, so that very few avail- 
able results were obtained. The adopted inclination-corrections are those determined 
from least-square adjustments of data obtained during 1908 and 1909, prior to the Carnegie 
work, and are given by the formulae: 

Needle 1 FM = +0:2+0?4 cos I +0'.5 sin I 
Needle 2 FM = +0.3— 0.4 cos I - 0 1 sin I 
Needle 5 FAI= +0.2-1.0 cos / +0.3 sin J 
Needle 6 FM = +0.4+1. 2 cos I +0 3 sin I 

The adopted correction for observed declinations by the compass attachment is +1'2. 
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Land dip-circle 201. — Circle 201, manufactured by Dover, was used during Cruises I 
and II, The adopted inclination-corrections are as follows: 

Cruises I and II (to December 1910) : 

Needle 1 FAI = -0(4+0( 9 cos I -0(3 sin I 
Needle 2 FAI = — 1 9+2 6 cos 1+0 4 sin I 

Cruise II (from January 1910) : 

Needle 1 FAI = -0( 3+0(8 cos I -0(4 sin I 
Needle 2 FAI = —1.6+1. 9 cos I +0.2 sin I 
Needle 5 1 AI = -1 . 3 for I = - 5° 

AT = +2.0 for I = -30° to -45° 

Needle 6 1 AI = +2 3 for I = - 5° 

The adopted correction for observed declination by the compass attachment is —4(6 
for Cruises I and II. 

Sea dip-circles 189 and 208. — The adopted inclination-corrections for the sea and shore 
work during Cruises I, II, and III, are given on pages 251-252. 

The adopted corrections for observed declinations by the compass attachments are. 

For circle 189 on Cruises I and II +6' when mark readings are made with peep sights. 
For circle 203 on Cruise I +1' when mark readings are made with telescope or 

with peep sights. 

For circle 203 on Cruise II —1' when mark readings are made with telescope. 

Earth-Inductor Corrections. 

The numerous comparisons made with earth inductors by the observers of the Depart- 
ment of Terrestrial Magnetism, in various regions of the globe, have indicated that the 
correction of an earth inductor on standard is subject to practically no change with change 
in magnetic field. The adopted inclination-corrections for the inductors are given sepa- 
rately for each instrument; they are to be applied algebraically, inclination of the north- 
seeking end of the needle below the horizon being regarded as positive, and vice versa. 

Earth inductor 2. — Inductor 2 of the Wild-Eschenhagen pattern, manufactured by 
Toepfer und Sohn, and modified somewhat by the Department of Terrestrial Magnetism, 
was used on Cruise II from September 1910. The adopted inclination-correction is —0(7. 

Marine earth-inductor 8 . — Values at shore stations by inductor 3, designed and con- 
structed by the Department of Terrestrial Magnetism, were used to strengthen inclination 
determinations for some stations. The adopted inclination-correction is the same as that 
used for the sea work, viz, —1(0. 

Magnetometer-inductor 25. — The inductor attachment of magnetometer-inductor 25, 
designed and constructed by the Department of Terrestrial Magnetism, was used at shore 
stations on Cruises III and IV. The adopted inclination-correction is —0(5. 


Needles 5 and 6 were used only at 2 stations. 




OCEAN MAGNETIC OBSERVATIONS ON THE CARNEGIE, 1909-1916. 

EXPLANATORY REMARKS FOR FINAL RESULTS, 1909-1914. 

The same conventions, as nearly as possible, have been followed in the presen- 
tation of the ocean magnetic results obtained on the Carnegie during the 5 years, 
August 1909 to October 1914, as adopted for the land results in Volumes I and II. 

Stations. — It will be seen that the results are tabulated separately for each of the 
cruises of the Carnegie, and for each ocean. Next under each cruise the stations or points 
at which the observations were made are arranged chronologically, and they are numbered 
accordingly. Thus for Cruise I, the stations are numbered beginning with 1CI (Station 1, 
Carnegie Cruise I). For Cruise II, the numbering proceeds chronologically, beginning with 
1CII (Station 1 , Carnegie Cruise II). Similarly for Cruise III, the first station is 1CIII. 

Geographic positions. — The second and third columns contain, respectively, the lati- 
tude and longitude (counted east from Greenwich), expressed in degrees and the nearest 
minute of arc. The latitudes and longitudes for the points of observation at sea were 
determined in accordance with the methods described on pages 225-231 ; in general they 
may be regarded as correct within 2 or 3 nautical miles. When no astronomical observa- 
tions were possible for several days the error in latitude or longitude may amount to 5, or 
even 10 miles, dependent upon circumstances. The geographic positions of the harbor 
stations are in general known within 1' of latitude and longitude. 

Date. — The date on which the magnetic observations were made is recorded in the 
fourth column. The following abbreviations have been adopted for the months of the 
year: Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec. The year is indicated 
at the head of the column. 

Magnetic elements. — The values of the magnetic elements (decimation, inclination, and 
horizontal intensity) will be found in the next columns as observed at the local mean time 
(L. M. T.), expressed to nearest 0.1 of an hour, opposite each value. Occasionally it has 
appeared desirable, where diurnal variation in declination was observed, as, for example, 
in connection with the shore results on pages 296-309, or where numerous observations 
were made during a certain interval, as during a vessel swing, to give the local mean times 
of the beginning and of the end of the series, and to indicate for land results the number of 
determinations from which the mean value is derived by a number inclosed in parentheses, 
thus, 9*1 to 11*3(7) is to be read “the mean is the result of 7 determinations made dinring 
the interval 9*1 to 11*3, local mean time, inclusive;” 6*1 to 20*3 (dv) is to be read “eye 
readings of the suspended magnet were made regularly at short intervals from 6*1 to 20*3, 
local mean time.” The local mean times are given according to civil reckoning and are 
counted from midnight as zero hour continuously through 24 hours; 16 h , for example, 
means 4 o’clock p. m. 

The ocean values of magnetic declination and of inclination are given in degrees and 
minutes of arc. No claim, however, is made that they are correct to a minute of arc. In 
general the error in the tabulated value is about 5' to 10' or less; in some cases the error 
may be more, dependent upon the severity of the conditions encountered during the 
observations. It was thought best to retain the original quantities resulting from the 
computations until the various corrections, mentioned below, have been applied. 

Only the mean quantities resulting from the observations with all instruments used 
for any particular element are given. 

The values of the horizontal intensity, derived as exemplified on pages 216-220, 236, 
and 247, with all instruments employed, are tabulated to the fourth decimal of the c. g. s. 
unit of magnetic field intensity. In magnetic-survey work on land the fourth decimal is 
often uncertain by one or more units, and in ocean work the error may be five or more 
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units in this decimal place. It is thus to be understood that no claim is made for the 
correctness of the last figure; it has been retained here primarily in order that when all 
reductions to common epoch have been applied on account of the various magnetic varia- 
tions, the error of computation will be kept within the desired limit. 

The question whether to give values of the horizontal intensity exclusively, or values 
of total intensity, was decided in the previous volumes, for the practical reasons there 
stated, in favor of the former. 

The instruments used are shown in the columns "Compass” and “Dip Circle.” The 
designations of the various instruments employed will be found stated on pages 203-211. 
The term “Compass” also includes the “Sea Deflector” with which both declinations and 
horizontal intensities were observed, as described on pages 190-195. The term" Dip Circle” 
also includes the “Marine Earth-Inductor,” and the “Sea Dip-Circle” when arranged for 
measurement of the total intensity. The designation 189.9,10,75 means that inclination 
was observed with sea dip-circle 189, using regular dip needles 9 and 10 and deflected 
needle 7, and that, furthermore, total intensity was obtained by the deflection method, 
using intensity needles 7 and 8. Invariably the intensity needles are italicized and are 
given last. The higher number of the two intensity needles always designates the chief 
intensity needle (the deflecting and the loaded needle). Whenever the total intensity was 
determined from both loaded-dip observations and deflections, this fact is shown by the 
addition of the dagger (f); thus, e. g., 189.9, 10, 75f. By turning to the specimens of 
observations, pages 212-225, any additional explanation required may be obtained. 

The columns of “Remarks” contain: 

a. Course . — This is the ship’s magnetic course (heading) on which the observations 
were made. When the word “swing” occurs, this means that the vessel was swrung during 
observations, to test occasionally the absence of deviation corrections. For all swings, the 
local mean times given in the respective columns denote the times of beginning and ending 
of the swing 

On the Carnegie, because of the absence of deviation corrections, it was also possible 
to make observations when the vessel’s heading was shifting, as would be the case when 
the vessel was “becalmed” or “at anchor.” 

b. Roll . — This column records the full angle through which the ship rolled, from side 
to side. 

c. Sea . — The state of the sea is indicated by the following symbols: 

B Broken or irregular sea. H. Heavy sea R Bough sea 

C Chopping, short, or cross sea L Long rolling sea. S Smooth sea 

G Ground swell M. Moderate sea, or swell T. Tide rips 


Sometimes the combinations of symbols in the observers’ records denoting the state 
of the sea appear incongruous. In these cases one particular letter was selected, after a 
careful consideration of all the symbols given by the various observers, supplemented by 
the recorded ship’s roll and by other notes. 

d. Weather . — The symbols denoting the state of the weather at the time are those in 
general use: 


b Clear, blue sky. 

c. Clouds. 

d. Drizzling or hght rain 
/. Fog or foggy weather. 

g. Gloomy, dark, stormy 

h . Hail. 


1. Lightning 
m Misty 
o. Overcast 
p Passing showers 
q , Squally 
r Ram 


s Snow 
t Thunder 

u. Ugly appearances, threatening 

weather. 

v . Variable weather. 

w. Wet or heavy dew 
z Hazy weather 


Weights . — The figures given in the column marked “ Wt. ” are the weights assigned the 
results on the following scale, which expresses, in a general way, the conditions (sea and 
weather) under which the observations were made: 1 denotes severe or adverse conditions, 
2 medium, and 3 favorable conditions. 
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The application of variation corrections to the observed results on account of the 
numerous variations of the Earth’s magnetism, e. g., diurnal variation, secular variation, 
magnetic perturbations, etc., is deferred to the volume in which all the magnetic data, 
obtained both on land and sea, are summarized and reduced to a common epoch. (That 
volume, probably No. Y, can not appear until some time after the completion in 1917 of the 
Carnegie's present cruise. Whether it will be worth while, in the case of the ocean data, to 
apply any other corrections than those on account of secular change will there receive 
consideration.) To avoid undue delay in the promulgation of the accumulated data, and 
in view of the inaccuracies of the magnetic charts at present in use, it is considered best to 
publish the observed results as obtained with no corrections applied except the reductions 
to magnetic standards, as fully explained in the section on this subject (see pp. 232-256). 
However, since for the magnetic elements tabulated the precise date and local mean time 
of each observation are given, the reader is supplied with the required information in case, 
for some purpose of his own, he desires to reduce the observed values to some mean time. 

Combining Weights Assigned to Different Instruments and Methods. 

The tabulated values of the magnetic elements are the weighted means, usually of 
two or more results, obtained with two different instruments, or by two different methods. 

To obtain the weighted mean value of the declination, the results with the standard 
compass (marine collimating-compass, Cl) were given a combining weight 2, whereas the 
auxiliary results with sea deflector (D3, D4) received the weight 1, 

The weighted mean value of the inclination was obtained by assigning the weight 2 
to the result from each dip needle and the weight 1 to the result derived from each complete 
observation of deflected dip. Hence, the inclination results from long and short distance 
each received a weight of 1, or if the observation at one distance was repeated, the result 
was given a weight of 2. At the stations where the inclination was determined both with 
the dip circle and the earth inductor, the dip-circle result, obtained as just described, 
was, in general, combined with the earth-inductor result by giving equal weights to the 
two instruments. When these two results differed by more than 0°2, the dip circle was 
given weight 2 and the earth inductor weight 1. While the earth inductor on land gives 
results superior to those of the dip circle, certain difficulties enter in marine-inductor 
work which have not yet been entirely overcome. 

The weighted mean value of the horizontal-intensity results was obtained by assign- 
ing weights 3, 2, and 1 to the sea-deflector results, the sea dip-circle results by deflections, 
and the sea dip-circle results by loaded needle, respectively, when the various results were 
obtained under normal sea conditions. But when the observations were made under 
unfavorable conditions of motion or with small values of horizontal intensity, the weights 
assigned were then 6, 4, 1, in the order designated. In some exceptional cases equal weights 
were assigned the results obtained by sea deflector and by sea dip-circle (deflected dip or 
loaded dip), as in the case of swings, exceptionally quiet conditions, etc. 

The weights referred to above are not to be confused with the figures which appear in 
the “Wt.” columns of the Table of Results. The tabular weights refer to the conditions 
as to sea and weather under which the observations were made (see p. 258). 

EXPLANATORY REMARKS FOR PRELIMINARY RESULTS. 1915-1916, CRUISE IV. 

To meet the requests received from various hydrographic establishments, it has been 
decided to give in this volume, in addition to the final results of the ocean magnetic work 
on the Galilee and the Carnegie, 1905-1914, the preliminary results for the subsequent 
work. These preliminary values of the magnetic elements are derived from computations 
made and checked aboard the vessel, and are dependent upon preliminary values of instru- 
mental constants. Accordingly, they are subject to future revision when the office com- 
putations are made with the final instrumental constants. It is not probable, however, 
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that there will be many cases in which the values of declination, or of inclination, will be 
chang ed by more than 0?1, and the values of the horizontal intensity by more than 0.001 
c. g. s. Since the errors of the present magnetic charts are many times greater than the 
possible corrections mentioned, the preliminary values here published will answer all prac- 
tical requirements. As will be seen, the tables (pp. 288—295) apply to the present cruise 
(IY) and extend up to the arrival of the Carnegie at San Francisco, September 21, 1916. 
For the reasons stated, the values of the magnetic declination and of the inclination are 
tabulated only to the nearest 0?1, and the values of the horizontal intensity to the nearest 
0.001 c. g. s. 

DISTRIBUTION OF STATIONS, 1909-1916. 

The following table shows for each cruise of the Carnegie the number of days at sea, 
the length of the cruise in nautical miles, the number of tabulated values, respectively, of 
declination, inclination, and horizontal intensity; next the average time interval as well 
as the average distance apart between the observations. It will be seen that there has 
been a steady increase in efficiency as the work has advanced, the average time interval 
and the average distance apart of the observations being both less for the later cruises 
than for the first. For the total length of cruises, up to end of September 1916 (160,615 
nautical miles), the magnetic observations, whether of declination, inclination, or hori- 
zontal intensity, were made practically every day at an average distance apart of 93 to 
138 miles. 


Table 66. — Summary showing the Distribution of the Carnegie Magnetic Observations, 1909—1916 ( September ). 


Cruise 

Numbei 

Number of Stations 

Average Time Interval 

Average Distance Apart 

Days 

Miles 

Decl’n 

Incl’n 

Hor Int 

DecTn 

Incl’n 

Hor Int 

Decl’n 

Incl’n 

Hor Int 







d 

d 

d 

Miles 

Miles 

Miles 

I, 1909-10 

96 

9,600 

98 

68 

69 

1 0 

1 4 

1 4 

98 

141 

139 

II, 1910-13 

798 

92,829 

858 

648 

643 

0 9 

1 2 

1 2 

108 

143 

144 

III, 1914 

84 

9,560 

108 

81 

80 

0 8 

1 0 

1 0 

89 

118 

119 

IY, 1915-16. 

375 

48,626 

665 

369 

368 

0 6 

1 0 

1 0 

73 

132 

132 

I, II, III, and IY 

1,353 

160,615 

1,729 

1,166 

1,160 

0 8 

1 2 

1 2 

93 

138 

138 


OBSERVERS AND COMPUTERS. 

The Table of Ocean Results differs from the Table of Land Results, published in 
Volumes I and II, in one other respect besides those already stated in the foregoing explana- 
tions, namely, that the observers’ initials, for practical reasons, had to be omitted. The 
magnetic results for any one day are the combined product of all the observers aboard at 
the time. Those who took part in the observations for the various cruises are as follows: 

Carnegie, Cruise I. — J. P. Ault, L. A. Bauer, C. C. Craft, E. Kidson, W. J. Peters, and 
R. R. Tafel. 

Carnegie, Cruise II. — L. A. Bauer, C. C. Craft, H. M. W. Edmonds, E. Kidson, H. D. 
Frary, C. W. Hewlett, H. F. Johnston, W. J. Peters, and H. R. Schmitt. 

Carnegie, Cruise III. — J. P. Ault, H. M. W. Edmonds, H. F. Johnston, and I. A. Luke. 

Carnegie, Cruise IV. — J. P. Ault, H. M. W. Edmonds, H. F. Johnston, B. Jones, I. A. 
Luke, F. C. Loring, and H. E. Sawyer. 

The chief persons who have taken part, at various times, in the determination of 
instrumental constants and comparisons at Washington in the final office reductions, or in 
the preparation of results for publication, are: J. P. Ault, L. A. Bauer, J. J. Carey, C. C. 
Craft, C. B. Duvall, H. M. W. Edmonds, C. C. Ennis, H. W. Fisk, J. A. Fleming, H. D. 
Harradon, H. F. Johnston, E. Kidson, R. R. Mills, J. H. Millsaps, W. J. Peters, A. D. Power, 
H. R. Schmitt, and J. A. Widmer. Those whose names are italicized have borne the chief 
brunt of the work at Washington. 




FINAL RESULTS OF OCEAN MAGNETIC OBSERVATIONS ON THE CARNEGIE, 1909-1914. 


Cruise I, ATLANTIC OCEAN, 1909-1910. 


Station 

Latitude 

Long 
East 
of Gr 


Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 

Date 

L M T 

Value 

Wt 

L M T 

Value 

fVt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

□E 


o / 

0 / 

1909 

h h 

0 / 


h h 

o t 


h h 

r g s 





o 


1CI 

41 06 N 

287 47 

Aug 31 







5 9 to 8 9 

1826 

3 

D3 


Swing 

0 

SC I 


(Gardiners Bay) 

Sep 1 




7 8i 18 0i 

72 07 N 

3 

7 8i 17 3i 

1829 

3 

D3 

189 978f 

Swings (2) 

0 

SM l 




Sep 2 

16 3 to 18 1 

11 23 W 

3 







Cl, D3 


Swing 

0 

C t 

2CI 

40 59 N 

288 52 

Sep 13 

17 8 

12 16 W 

3 

17 5 

72 04 N 

3 

17 5 

1820 

3 

Cl, D3 

189 9,10,78f 

SE 

5 

ML l 

3CI 

40 54 N 

289 38 

Sep 14 

67 

12 53 W 

3 







Cl, D3 


SE 

5 

L t 

4CI 

40 40 N 

290 37 

Sep 14 

171 

12 51 W 

3 

16 8 

71 42 N 

3 

16 9 

1840 

3 

Cl, D3 

189 9,10, 78f 

E 

14 

S r 

5CI 

40 44 N 

291 05 

Sep 15 

17 2 

13 50 W 

3 

17 3 

71 58 N 

3 

17 3 

1824 

3 


189 9,10,78f 

E 

12 

M L 

6CI 

40 54 N 

291 35 

Sep 16 

62 

14 25 W 

3 









S 

22 

M l 

7CI 

41 20 N 

293 36 

Sep 17 

16 8 

15 55 W 

3 

16 7 

71 58 N 

3 

16 8 

mm 

3 


189 9,lO,7St 

EbyS.E 

11 

M l 

8CI 

41 21 N 

293 42 

Sep 17 

17 5 

16 16 W 

3 




. 



Cl 


E 

12 

M l 

9CI 

41 59 N 

298 58 

Sep 20 

62 

20 17 W 

3 







Cl 


NbyW 

6 

M t 

10CI 

42 03 N 

298 54 

Sep 20 

70 


3 







Cl, D3 


NbyW 

6 

M t 

11CI 

42 32 N 

298 49 

Sep 21 

66 

20 48 W 

3 

. 






C1.D3 


E 

10 

L L 

12CI 

42 50 N 

299 11 

Sep 21 




16 7 

72 34 N 

3 

16 7 

1728 

HI 

■ 

189 9, 10, 78 1 

ENE 

6 

S o 

13CI 

42 53 N 

299 18 

Sep 21 

17 9 

21 18 W 

3 







Cl, D3 


ENE 

6 

S b 

14CI 

43 47 N 

301 05 

Sep 22 




16 6 

72 43 N 

3 

16 6 

1702 

m 


189 9,10,78f 

ENE 

4 

S b 

15CI 

43 49 N 

301 08 

Sep 22 

17 6 

23 40 W 

3 







C1.D3 


ENE 

4 

S b 

16CI 

45 15 N 

304 17 

Sep 23 




16 8 

72 45 N 

3 

16 8 

1683 

3 


189 9,10,78f 

E 

6 

S f 

17CP 

47 17 N 

307 27 

Sep 25 




14 9 

73 31 N 

2 

15 0 

1579 

2 


189 9,10,7St 

NE*E 

10 

L o 

18CI 

47 49 N 

308 32 

Oct 3 

85 

30 36 W 

1 







Cl 


EJS 


ML b 

19CI 

47 51 N 

308 38 

Oct 3 

91 

30 30 W 

3 

. 

. 





Cl 


E|S 


ML b 

20CI 

48 10N 

309 37 

Oct 3 




16 5 

73 31 N 

2 

16 6 

1573 

2 

D3 

189 9,10,78t 

E 

22 

R f 

21CI 

48 18 N 

kjIIEyI 

Oct 4 

71 

31 49 W 

3 







Cl 


E4S 


M L 

22CI 

48 27 N 

i T rifl 

Oct 4 

15 8 

31 58 W 

2 







Cl 


ESE 

36 

ML b 

23CI 

48 29 N 

EMU 

Oct 4 

171 

31 53 W 

2 

16 8 

73 05 N 

2 

16 8 

1600 

2 

C1.D3 

189 9, 10, 78f 

E,N 

30 

ML t 

24CI 

48 39 N 

313 31 

Oct 5 

70 

31 52 W 

2 


. 





C1.D3 


EbyS 

30 

ML t 

25CI 

48 53 N 

314 30 

Oct 5 




15 9 

72 31 N 

2 

15 9 

1620 

2 

D3 

189 9,10,78t 

E 

20 

M t 

26CI 

48 54 N 

314 32 

Oct 5 

16 4 

32 02 W 

2 







Cl 


E 

30 

ML 

27CI 

49 37 N 

322 29 

Oct 7 




15 3 

71 13 N 

1 

15 3 

1692 

m 

D3 

189 9,10,78t 

ESE 

36 

R 

28CI 

50 20 N 

327 52 

Oct 8 




15 8 

70 45 N 

1 

15 8 

iWi/l 

B 

D3 

189 9,10,78t 

ESE 

44 

R 

29CI 

50 20 N 

m m 

Oct 8 

161 

30 04 W 

2 





HI 

B 

Cl, D3 

1 

ESE 

i 34 

Lit 

30CI 

50 38 N 

331 12 

Oct 9 1 

71 

28 49 W 

2 





wBBk 

H 

Cl 


ESE 

34 1 

ML 

31CI 

50 36 N 

335 59 

Oct 10 

69 

26 25 W 

2 





p - 

■ 

Cl, D3 


ESE IE 1 

44 

Lit 1 

32CI 

50 36 N 

337 49 

Oct 10 




14 8 

69 14 N 

1 

14 7 

IBS 

H 

D3 

189 9,10 , 781 

SEbyE 

56 

R 

33CI 

50 29 N 

340 50 

Oct 11 

68 

24 36 W 

2 







Cl, D3 


ESE 

34 

Lit 

34CI 

50 20 N 

342 46 

Oct 11 




15 9 

68 18 N 

1 

15 8 


B 

D3 

189 9,10,78 

SEbyEiE 

50 

MR 

35CI 

50 19 N 

342 56 

Oct 11 

16 5 

22 50 W 

2 







Cl 

. . 

SEbyE IE 

40 

Lit 

36CI 

49 54 N 

348 03 

Oct 12 




15 9 

67 29 N 

2 

16 0 

1839 

2 

D3 

189 9,10,78 

SEbyE 

40 

RL 

37CI 

49 53 N 

348 14 

Oct 12 

16 9 

20 31 W 

2 







Cl, D3 


SEbyE 

40 

LR 

38CI 

49 33 N 

350 43 

Oct 13 

68 

19 35 W 

■ 2 







Cl 


ESE 

30 

Lit 

39CI 

49 30 N 

352 30 

Oct 13 

15 7 

IFElma 

' 3 







Cl, D3 


EJS 

36 

ML 

40CI 

49 31 N 

352 38 

Oct 13 




16 6 

66 23 N 

2 

16 6 

1884 

2 

D3 

189 9,10,78 

EfS 

50 

M 

41CP 

i 49 58 N 

354 58 

Oot 14 

66 

17 32 W 

r 3 







Cl 


NEbyE 

6 

S 

42CP 

‘ 50 06 N 

354 59 

Oct 18 

7 5 to 8 9 

17 45 W 

r 3 

. 






Cl, D3 


Swing (both helms) 

6 

8 


(Off Falmouth) 

Oct 18 




16 3 to 17 4 

66 30 N 

3 

16 3 to 17 4 

1873 

3 

D3 

189.9 

Swing (port helm) 

4 

S 

43CI 

49 40 N 


Nov 10 




14 6 

66 28 N 

3 

14 8 

1886 

3 

D3 

189 9,10,78 

W 

22 

M 

44CI 

49 38 N 

353 45 

Nov 10 

15 6 

IEEE 

r 3 





. 


Cl 


w 

22 

R 

45CI 

49 00 N 

351 38 

Nov 11 

74 

18 49 V 

r 3 







Cl, D3 


w 

21 

M 

46CI 

48 46 N 

350 48 

Nov 11 




15 0 

66 17 N 

3 

15 0 

1902 

3 

D3 

189 9,10,78 

w 

20 

hi 

47CI 

48 18 N 

349 32 

Nov 12 




15 2 

66 13 N 

3 

151 

1910 

3 

D3 

189 9, 10,78 f 

WbyS 

10 

M 

48CI 

47 40 N 

348 12 

Nov 13 

16 1 

20 19 V 

T 3 


. 





Cl, D3 


WbyW 

10 

M 

49CI 

46 SON 

346 30 

Nov 14 

74 


m 







Cl 


SWbyS 

40 

M 

50CI 

46 45 N 

346 17 

Nov 14 

85 

20 20 V 

r l 







D3 


WbyS 

30 

M 

51 Cl 

46 07 N 

345 27 

Nov 14 




151 

65 02 N 



1987 

3 

D3 

189 9,10,78 

SW 

40 

M 

52CI 

46 01 N 

345 22 

Nov 14 

15 8 

aV 

7 3 







Cl, D3 


SWbyW 

40 

M 

53CI 



Nov 15 

75 

20 54 V 

7 3 







Cl, D3 


SW 

24 

M 

54CI 



Nov 15 




15 2 

63 40 N 



2056 

3 

D3 

189 9,10,78f 

ssw 

18 

S 




Nov 20 

82 

19 58 V 

7 3 







Cl, D3 


SbyW.SSW 

28 

MR 


*81ight local disturbances The values of the magnetic elements given have been referred to the mean of the month with the aid of the Falmouth Observatory re 
iMean time of swing 3 From September 26 to October 2 the Carnegie was at St John's, Newfoundland 

»From October 14 to November 9 the Carnegie was at Falmouth, England 
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262 Ocean Magnetic Observations, 1905-16 


Cruise I, ATLANTIC OCEAN, 1909-1910— Continued. 


Station ] 

latitude 

Long. 
East 
of Gr 

1 

Decimation 

Inclination 

Hor. Intensity 

Instruments 

Remarks 

Date " 

L M T 

Value T 

Vt 

L M T 

Value T 

Vt 

L M T 

Value V 

Vt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 


o / 

O f 

1909 

h h 

o / 


h h 

o / 


h h 

cgs 





o 



56CI 

40 05 N 

342 12 

Nov 20 

16 0 

19 58 W 

3 

15 5 

60 58 N 

3 

15 4 

2217 

3 

Cl, D3 

189 9,10,78 

S 

38 

M 

be 

57CI 

37 34 N 

343 21 

Nov 22 

76 

18 54 W 

3 




. 



Cl, D3 


SbyW 

30 

M 

be 

58CI 

37 19 N 

343 23 

Nov 22 




93 

5811 N 

3 

93 

2332 

3 

D3 

189 9,10,78t 

SbvW 

24 

M 

be 

59CX 

36 31 N 

343 31 

Nov 22 

16 4 

17 49 W 

3 







Cl, D3 


ssw 

20 

MS 

be 

60CI 

36 11 N 

343 37 

Nov 23 

72 

18 26 W 

2 







Cl 


ssw 

20 

MS 

be 

61CI 

35 32 N 

343 28 

Nov 23 


. 


14 5 

56 46 N 

3 

14 6 

2379 

3 

D3 

189 9,10,78 

SbyW \W 

22 

S 

be 

62CI 

35 24 N 

343 29 

Nov 23 

16 0 

18 20 W 

3 

. 






C1.D3 


SbyW 

12 

S 

be 

63CI 

33 31 N 

343 43 

Nov 24 

76 

18 12 W 

3 







Cl 


S 

10 

s 

be 

64CI 1 

32 52 N 

343 35 

Nov 24 


. 


13 9 

54 04 N 

3 

13 8 

2507 

3 

D3 

189 9,10,78 

SWbyW^TV 

16 

M 

c 

65C1 

30 55 N 

341 50 

Dec 2 

72 

18 21 W 

3 







C1,D3 


SW 

22 

M 

be 

66C1 

30 15 N 

341 25 

Dec 2 




13 6 

51 04 N 

3 

13 6 

2619 

3 

D3 

189 9,10,78 

sw 

28 

M 

bpq 

67CI 

29 58 N 

341 08 

Deo 2 

16 4 

18 18 W 

3 

. 






Cl 


SW 

26 

M 

be 

68CI 

27 54 N 

339 43 

Deo 3 




14 0 

48 58 N 

3 

13 9 

2669 

3 

D3 

189 9,10,78t 

sw 

24 

S 

be 

69CX 

27 45 N 

339 36 

Dec 3 

10 3 

18 47 W 

3 







C1.D3 


sw 

14 

M 

be 

70CI 

26 39 N 

338 52 

Deo 4 

67 

18 52 W 

3 







C1.D3 


sw 

24 

M 

be 

71CI 

26 06 N 

338 27 

Deo 4 




13 6 

47 31 N 

3 

13 6 

2703 

3 

D3 

189 9,10,78 

sw 

30 

S 

be 

72 Cl 

25 52 N 

338 13 

Deo 4 

16 8 

19 03 W 

3 







C1.D3 


sw 

24 

M 

be 

73CI 

24 55 N 

336 52 

Deo 5 

68 

19 15 W 

3 







C1.D3 


wsw 

24 

M 

be 

74CI 

24 26 N 

336 12 

Dec 5 




13 6 

46 ION 

3 

13 6 

2739 

3 

D3 

189 9,10,78 r 

wsw 

18 

MR 

be 

75CI 

24 14 N 

335 58 

Dec 5 

16 6 

19 29 W 

3 







Cl, D3 


ssw 

26 

M 

be 

76CI 

23 18 N 

334 42 

Deo 6 

67 

19 22 W 

3 







Cl, D3 


wsw 

12 

M 

be 

77CI 

22 53 N 

334 07 

Deo 6 




13 8 

45 54 N 

3 

13 8 

2747 

3 

D3 

189 9,10,78 

wsw 

14 

S 

be 

78CI 

22 43 N 

333 54 

Dec 6 

16 8 

19 29 W 

3 







Cl, D3 


s 

16 

M 

bo 

79CI 

21 58 N 

332 30 

Dec 7 

66 

19 27 W 

3 







Cl, D3 


WSWiW 

10 

S 

be 

80CI 

21 35 N 

331 35 

Dec 7 

. 



13 7 

45 22 N 

3 

13 8 

2766 

3 

D3 

189 9,10,78f 

w 

14 

s 

be 

81 Cl 

21 30 N 

331 12 

Dec 7 

17 0 

19 04 W 

3 







Cl, D3 


WbyN.WNW 

16 

M 

be 

82 Cl 

21 00 N 

329 04 

Dec 8 

70 

19 15 W 

3 







Cl, D3 


w 

20 

M 

be 

83CI 

20 56 N 

327 56 

Dec 8 




13 6 

46 28 N 

3 

13 6 

2748 

3 

D3 

189 9,10,78 

WNW 

20 

M 

brq 

84CI 

21 00 N 

327 36 

Dec 8 

17 0 

18 58 W 

3 







Cl, D3 


WNWiW 

10 

M 

be 

85CI 

21 07 N 

325 43 

Deo 9 




15 4 

48 05 N 

2 

15 3 

2709 

2 

D3 

189 9,10,78f 

WNW 

40 

L 

be 

80CI 

21 07 N 

325 42 

Deo 9 

16 6 

18 37 W 

3 







Cl, D3 


N 

22 

M 

be 

87CI 

21 06 N 

324 56 

Dec 10 

71 

18 43 W 

3 







Cl 


WNWiW 

20 

S 

0 

88CI 

21 03 N 

324 19 

Dec 10 




13 9 

48 37 N 

3 

13 8 

2696 

3 

D3 

189 9,10,78 

W 

16 

L 

be 

89CI 

21 02 N 

324 03 

Dec 10 

16 8 

18 25 W 

3 







C1.D3 


WNWJW 

20 

ML 

bo 

90CI 

20 52 N 

322 55 

Dec 11 

70 

18 13 W 

3 







Cl, D3 


WNW 

20 

M 

bo 

91CI 

20 50 N 

322 21 

Deo 11 




13 8 

49 12 N 

3 

13 9 

2694 

3 

D3 

189 9,10, 78f 

w 

26 

MR 

be 

92CI 

20 48 N 

322 08 

Deo 11 

17 0 

17 43 W 

3 







Cl, D3 


s 

20 

ML 

be 

93CI 

20 40 N 

320 47 

Deo 12 

72 

17 34 W 

3 







Cl, D3 


WNWfW 

20 

M 

bo 

94CI 

20 39 N 

320 20 

Dec 12 

... . 

. 


141 

49 44 N 

3 

14 1 

2684 i 

3 

D3 

189 9,10,78 

NW 

26 

M 

be 

95CI 

20 40 N 

320 12 

Dec 12 

10 8 

17 16 W 

3 

, . 



... . 



Cl, D3 1 

. 

N 

10 

S 

be 

96CX 

20 39 N 

319 24 

Dec 13 

67 

16 55 TV 

3 







Cl, D3 


WNW 4 W 

10 

s 

bo 

97CI 

20 38 N 

319 08 

Dec 13 




13 9 

50 16 N 

3 

13 9 

2675 

3 

D3 

189 9,10,781 

w 

24 

s 

bo 

98CI 

20 38 N 

319 00 

Dec 13 

16 8 

16 44 TV 

3 



. 




Cl, D3 


WNW£W 

18 

s 

bo 

99CI 

20 33 N 

318 20 

Deo 14 

66 

16 13 TV 

3 







Cl, D3 


WNW§W 

14 

s 

bo 

100CI 

20 26 N 

317 54 

Dec 14 




13 8 

50 33 N 

3 

13 8 

2686 

3 

D3 

189 9,10,78 

w 

20 

s 

bo 

101CI 

19 57 N 

317 03 

Dec 15 

66 

15 26 TV 

3 







Cl, D3 


WbyN 

24 

M 

bo 

102CI 

19 57 N 

316 17 

Dec 15 




141 

50 16 N 

3 

14 0 

2708 

3 

D3 

189 9,10,78t 

NW 

20 

c 

0 

103CI 

20 02 N 

314 36 

Deo 16 

60 

13 58 TV 

3 







Cl, D3 


WNW 

40 

c 

bo 

104CI 

20 04 N 

314 01 

Dec 16 




13 9 

51 ION 

3 

13 9 

2690 

3 

D3 

189 9,10,78 

WNW 

30 

CL 

bo 

105CI 

20 03 N 

313 49 

Dec 16 

16 8 

14 05 TV 

3 







Cl, D3 


WNW*W 

20 

ML 

bo 

106CI 

20 02 N 

312 48 

Deo 17 

66 

13 39 TV 

3 







C1.D3 


WNW4W 

30 

M 

be 

107CI 

20 03 N 

312 21 

Dec 17 




14 0 

51 37 N 

3 

14 0 

2702 

3 

D3 

189 9,10,78f 

WNW 

28 

MR 

b 

108CI 

20 04 N 

312 13 

Dec 17 

16 8 

13 13 TV 

3 







Cl, D3 


WNWfW 

30 

LR 

bo 

109CI 

19 47 N 

310 27 

Deo 20 

68 

12 05 TV 

3 






. 

Cl, D3 


WNW 

10 

S 

be 

110CI 

19 41 N 

310 06 

Dec 21 

68 

11 56 TV 

3 







Cl 


SW 

10 

S 

be 

111CI 

19 40 N 

309 44 

Deo 21 




13 8 

51 48 N 

3 

13 8 

2704 

3 

D3 

189 9,10,78 

WNW 

24 

M 

be 

112CI 

19 40 N 

309 32 

Dec 21 

17 0 

11 42 TV 

3 







Cl, D3 


WNW 

14 

S 

be 

113CI 

19 46 N 

308 48 

Dec 23 

68 

11 09 TV 

3 







Cl, D3 


WNW 

26 

s 

be 

114CI 

19 58 N 

308 20 

Dec 23 




13 9 

52 ION 

3 

13 8 

2722 

3 

D3 

189 9,10,78f 

NWbyW 

14 

s 

bo 

115CI 

20 02 N 

308 12 

Dec 23 

16 8 

10 51 TV 

3 







Cl, D3 


NWbyW 

10 

M 

be 

116CI 

20 40 N 

307 00 

Dec 24 

67 

10 31 TV 

3 







C1.D3 


WNW, NWbyW JW 

14 

M 

be 

117CI 

21 00 N 

306 01 

Deo 24 




13 7 

53 26 N 

3 

13 8 

2717 

3 

D3 

189 9,10,78 

NWbyW 

20 

MC 

bo 

118CI 

21 12 N 

305 48 

Dec 24 

170 

10 03 TV 

3 







Cl, D3 


NWbyW, NWJN 

16 

M 

bo 

119CI 

21 33 N 

305 09 

Dec 26 

67 

9 44 TV 

3 







Cl 


NWbyW 

30 

MR 

be 

120CI 

21 39 N 

304 57 

Dec 26 

. 



14 2 

54 07 N 

3 

14 2 

2677 

' 3 

D3 

189 9,10,78f 

NWbyW 

28 

L 

be 

121 Cl 

21 43 N 

304 48 

Dec 26 

17 0 

9 42 TV 

3 







Cl, D3 


NW 

12 

L 

bo 

122CI 

22 12 N 

304 00 

Dec 27 

69 

9 31 TV 

r 3 







Cl, D3 


NNW|W 

8 

M 

bo 

123 Cl 

22 30 N 

303 22 

Deo 27 




14 0 

55 13 N 

3 

14 0 

2674 

: 3 

D3 

189 9,10,78 

NWbyW 

8 

M 

be 


*From November 25 to December 1 the Carnegie was at Funchal, Madeira 
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Station 

Latitude 

Long 
East 
of Gr 

Date 

L M 

Decln 

T 

lation 

Value 

Wt 


o / 

o / 

1909 

h 

h 

0 / 


124CI 

22 40 N 

303 17 

Dec 

27 

17 2 


9 19 W 

3 

125CI 

23 06 N 

302 00 

Dec 

28 





126CI 

23 11 N 

301 50 

Dec 

28 

16 8 


8 28 W 

2 

127CI 

23 44 N 

300 56 

Dec 

29 

70 


811 W 

2 

128CI 

24 04 N 

300 22 

Dec 

29 





129CI 

24 ION 

300 12 

Dec 

29 

171 


8 10 W 

3 

130CI 

24 53 N 

298 48 

Dec 

30 

70 


7 55 W 

3 

131CI 

25 22 N 

298 01 

Deo 

30 





132CI 

25 28 N 

297 50 

Dec 

30 

17 0 


7 31 W 

2 




1910 





133CI 

26 30 N 

294 36 

Jan 

2 

73 


6 10 W 

1 

134CI 

26 55 N 

294 14 

Jan 

2 





135CI 

27 10N 

293 59 

Jan 

2 

16 9 

. 

6 00 W 

2 

136CI 

27 53 N 

293 26 

Jan 

3 

72 


6 09 W 

3 

137CI 

28 08 N 

293 03 

Jan 

3 





138CI 

28 14 N 

292 43 

Jan 

4 

73 


5 59 W 

3 

139CI 

31 16 N 

292 36 

Jan 

6 





140CI 

31 57 N 

294 35 

Jan 

7 

83 


8 50 W 

3 

141CI 1 

32 13 N 

295 16 

Jan 

7 





142CI* 

32 19 N 

295 14 

Jan 

25 





143CI* 

32 21 N 

295 15 

Jan 

25 





144CI* 

32 22 N 

295 16 

Jan 

25 





145CI* 

32 23 N 

295 18 

Jan 

25 





146CI* 

32 23 N 

295 19 

Jan 

26 





(Murray’s Anchorage) 

Jan 

27 

8 4, 

171 

10 40 W 

3 

147CI 

32 40 N 

295 16 

Jan 

28 





148CI 

36 20 N 

292 00 

Jan 

31 





149CI 

37 21 N 

291 06 

Feb 

X 

95 


10 22 W 

2 

150CI 

36 10N 

289 40 

Feb 

3 

77 


8 49 W 

3 

151CI 

36 13 N 

289 43 

Feb 

3 





152CI 

36 50 N 

290 53 

Feb 

6 





153CI 

37 20 N 

289 23 

Feb 

9 



9 42 W 

3 

154CI 5 

38 50 N 

288 20 

Feb 

10 

16 6 




156CI 

40 24 N 

289 14 

Feb 

11 

78 


12 02 W 

1 

157CI 

40 18 N 

288 54 

Feb 

11 





158CI 

40 38 N 

288 03 

Feb 

13 






Inclination 

Hor Intensity 

Instruments 

Remaiks 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

h h 

o / 


h h 

c g $ 





o 








Cl, D3 


NW 

12 

M 

13 9 

56 06 N 

3 

14 0 

2649 

3 

D3 

189 9,10,73f 

NWbyW 

32 

LR 







Cl, D3 


NW 

40 

CL 







Cl, D3 


NW 

12 

M 

14 0 

56 50 N 

3 

14 0 

2651 

3 

D3 

189 9,10,75 

NWbyW 

22 

M 







C1,D3 


NWbyW 

22 

M 







Cl, D3 


WNW 

12 

M 

14 0 

58 07 N 

2 

14 0 

2622 

2 

D3 

189 9,10,7St 

NWbyW 

8 

C 







Cl, D3 


NWbyW 

8 

ML 







Cl, D3 


NNW 

16 

MC 

13 8 

59 27 N 

1 

13 8 

2597 

1 

D3 

189 9,10,75 

NNWiW 

18 

CL 







Cl, D3 


NNW*W 

12 

MC 







Cl, D3 


NWbyN 

8 

MS 

14 0 

61 08 N 

3 

14 0 

2500 

3 

D3 

189 9,10,75f 

NWbyN 

10 

S 







C1.D3 


NE 

16 

s 

14 1 

63 53 N 

2 

14 0 

2404 

2 

D3 

189 9,10,75 

NNE,NbyE 

20 

R 







C1,D3 


E 

10 

C 

13 8 

64 16 N 

3 

13 8 

2347 

3 

D3 

189 9,10,75 

ENE.NEbyE 

16 

M 

11 9 

65 14 N 

3 

11 9 

2259 

3 

D3 

189 9 

NEbyE 

0 

S 

12 2 

64 54 N 

3 

12 2 

2284 

3 

D3 

189 75 

NEbyE 

0 

S 

12 5 

64 57 N 

3 

12 4 

2269 

3 

D3 

189 9 

NEbyE 

0 

S 

12 7 

64 29 N 

3 

12 6 

2307 

3 

D3 

189 75 

NEbyE 

0 

S 

9 3 

64 47 N 

3 

93 

2348 

3 

D3 

189 9,10,75 f 

NWbyN toN Wby W 

0 

c 







Cl, D3 


WNW $ W, WbyS 

0 

s 

14 1 

65 13 N 

3 

14 2 

2258 

3 

D3 

189 9,10,75 

NWfN 

28 

R 

9 2 

68 07 N 

2 

92 

2094 

2 

D3 

189 9,10,75f 

NW 

50 

R 







D3 


NNW 

30 

M 







Cl, D3 


sw 

10 

MS 

14 1 

68 19 N 

3 

14 0 

2116 

3 

D3 

189 9,10,75 

NW 

10 

M 

14 1 

68 50 N 

1 

14 1 

2075 

1 

D3 

189 9,10,75t 

SWbyWtoW 

60 

R 







Cl, D3 


NW 

6 

MS 

9 4 

70 03 N 

1 

94 

1972 

1 

D3 

189 9,10,75 

NNEtoNE 

58 

R 







Cl, D3 


WbyS,W 

30 

M 

13 9 

71 53 N 

1 

13 9 

1833 

1 

D3 

189 9,10,75f 

WNWiW 

8 

S 

14 2 

71 49 N 

3 

14 3 

1830 

3 

D3 

189 9,10,75 

NNE 

42 

M 


Cruise II, ATLANTIC OCEAN, 1910-191L 


1CII 


2CII 

3CII 

4CII 

5CII 

6CII 

7CII 

8CII 

9CII 

10CII 

11CII 

12CII 

X3CII 

I4CII 

15CII 

16CII 

X7CII 


0 t 

o t 

1910 1 

h 

h 

o / 


h h 

41 06 N 

287 47 

Jun 

22 

17 7 to 

19 3 

11 25 W 

3 


(Gardiners Bay) 

Jun 

23 





10 1 to 14 6 



Jun 

25 

5 2 to 

5 8 

11 30 W 

3 


41 03 N 

288 37 

Jun 

30 

49 


12 05 W 

3 


40 45 N 

289 40 

Jun 

30 





15 8 

40 35 N 

290 13 

Jun 

30 

19 1 


12 49 W 

3 

15 6 

39 57 N 

292 19 

Jul 

1 





37 53 N 

297 14 

Jul 

3 





14 6 

37 54 N 

297 30 

Jul 

3 

18 8 


15 19 W 

3 


37 59 N 

299 38 

Jul 

4 





15 5 

38 12 N 

304 11 

Jul 

5 





15 7 

38 UN 

307 36 

Jul 

6 





15 3 

38 08 N 

307 58 

Jul 

6 

19 0 


21 35 W 

2 


38 00 N 

309 10 

Jul 

7 

51 


21 50 W 

2 

15 6 

37 56 N 

309 42 

Jul 

7 





37 55 N 

309 59 

Jul 

7 

18 8 


22 08 W 

3 


37 22 N 

311 26 

Jul 

9 

55 


22 07 W 

3 


36 47 N 

311 59 

Jul 

9 





14 6 

36 36 N 

312 05 

Jul 

9 

18 8 


21 41 W 

3 


36 14 N 

312 21 

Jul 

10 

51 


21 51 W 

3 


35 54 N 

312 58 

Jul 

10 





15 3 

35 52 N 

313 02 

Jul 

10 

18 8 


22 04 W 

3 


34 38 N 

313 24 

Jul 

12 





15 3 

34 25 N 

313 34 

Jul 

12 

18 7 


20 43 W 

' 3 


33 42 N 

314 02 

Jul 

13 





15 3 

33 38 N 

314 04 

Jul 

13 

18 2 


20 32 W 

r 3 



72 07 N 


71 44 N 


71 19 N 
69 13 N 


69 01 N 
68 36 N 
67 59 N 


67 17 N 

65 44 N 


65 05 N 
63 42 N 
63 17 N 


h h 
11 8 to 14 6 


15 8 


15 6 
14 6 


15 4 
15 7 
15 4 


eg a 
1825 


1844 


1868 

1997 


15 6 

14 6 


15 3 
15 2 
15 3 


2026 

1981 

2003 


2031 


2109 


2146 

2224 

2234 


C1.D3 


Swing 

0 

D3 

189 10,73 

Swing 

0 

Cl, D3 


Swing 

0 

C1.D3 


SEbyE 

0 

D3 

189 9,10, 73f 

SE 

10 

Cl, D3 


SE 

6 

D3 

189 9,10,73 

SE 

6 

D3 

189 9,10,73 

ESE 

46 

Cl, D3 


ESE 

46 

D3 

189 9,10,73 

EbyS 

30 

D3 

189 9,10,73t 

ESE 

35 

D3 

189 9,10,73 

ESE 

40 

Cl, D3 


SEbyE JE 

30 

Cl, D3 


SE 

24 

D3 

189 9,10,73 

ESE 

Cl, D3 


ESE 

20 

Cl, D3 


SEbyE JE 

10 

D3 

189 9,10,73 

SbyE 

10 

Cl, D3 


SbyW 

6 

Cl, D3 


SSE,SEbyS 

10 

D3 

189 9,10,73 

SE 

10 

Cl, D3 


SEbyE 

10 

D3 

189 9,10,73t 

SbyW 

10 

Cl, D3 


SSW 

4 

D3 

189 9,10,73 

ssw 

6 

Cl, D3 


SSW 

5 


Wes 

the 


bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 


bo 

bo 

bo 

be 

bo 

be 

be 

bo 

bo 

oo 


bo 

bo 

be 

oq 

bci 

be 

bo 


bo 


S 

S 

S 

s 

s 

s 

s 

R 

MR 

M 

MR 

M 

M 

M 

S 

MS 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 


’•‘Local disturbance 


.From January 8 to January 24 the Co. »« M was at Haimlton, Bermuda ‘Staton 155CI, owmg to unfavorable observing commons, was 
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Station 

Latitude 

Long 
East 
of Gr 

Dat 


Declination 


L M T 

Value 

Wt 


0 / 

o t 

1910 ! 

h h 

0 / 


25CIT 

33 22 N 

314 08 

Jul 

14 

52 

20 28 W 

3 

26CII 

33 06 N 

314 06 

Jul 

14 




27CII 

32 56 N 

314 05 

Jul 

14 

16 8 

20 02 W 

3 

28CII 

32 44 N 

314 04 

Jul 

14 

18 7 

20 01 W 

3 

29CII 

31 46 N 

314 03 

Jul 

15 

52 

19 31 W 

3 

30CII 

30 49 N 

314 01 

Jul 

15 




31CII 

30 24 N 

313 58 

Jul 

15 

18 8 

18 50 W 

3 

32CII 

29 49 N 

313 53 

Jul 

16 

55 

18 32 W 

3 

33CII 

29 40 N 

313 52 

Jul 

16 

. 



34CII 

29 37 N 

313 53 

Jul 

16 

16 7 

17 57 W 

1 

35CII 

29 26 N 

313 53 

Jul 

16 

18 7 

18 33 W 

1 

36CII 

27 58 N 

313 25 

Jul 

17 




37CII 

27 41 N 

313 16 

Jul 

17 

18 7 

17 19 W 

2 

38CII 

26 27 N 

312 30 

Jul 

18 

54 

16 02 W 

3 

39CII 

25 14 N 

311 45 

Jul 

18 

. 



40CII 

25 00 N 

311 37 

Jul 

18 

16 8 

15 26 W 

3 

41CII 

24 48 N 

311 28 

Jul 

18 

18 4 

14 58 W 

3 

42CII 

23 55 N 

310 05 

Jul 

19 

58 

13 55 W 

2 

43CII 

23 12 N 

309 01 

Jul 

19 




44CII 

22 58 W 

308 40 

Jul 

19 

18 4 

12 26 W 

3 

45CII 

21 36 N 

306 12 

Jul 

20 

. 



46CII 

21 31 N 

306 02 

Jul 

20 

16 9 

10 01 W 

2 

47CII 

21 25 N 

305 52 

Jul 

20 

18 4 

10 08 W 

2 

48CII 

20 15 N 

303 28 

Jul 

21 

, 



49CII 

20 10N 

303 20 

Jul 

21 

16 7 

7 37 W 

3 

50CII 

20 05 N 

303 10 

Jul 

21 

18 3 

7 54 W 

3 

51CII 

19 28 N 

301 45 

Jul 

22 

70 

6 46 W 

3 

52CII 

19 10N 

300 47 

Jul 

22 




53CII 

19 09 N 

300 37 

Jul 

22 

16 7 

5 38 W 

3 

54CII 

18 55 N 

298 51 

Jul 

23 

60 

4 58 W 

1 

55CII 

18 46 N 

297 35 

Jul 

23 




56CII 

18 45 N 

297 24 

Jul 

23 

16 5 

419 W 

2 

57CII 

18 42 N 

297 07 

Jul 

23 

18 4 

4 10W 

2 

58CII 

18 08 N 

295 36 

Jul 

24 

58 

3 10 W 

3 

59CII 1 

18 08 N 

295 04 

Jul 

24 




60CII 

19 35 N 

293 40 

Aug 18 

161 

2 32 W 

3 

61CII 

19 SON 

293 34 

Aug 18 

18 2 

2 34 W 

3 

62CII 

22 42 N 

292 56 

Aug 19 

161 

3 28 W 

2 

63CII 

22 56 N 

292 58 

Aug 19 

18 2 

3 43 W 

3 

64CII 

24 13 N 

293 16 

Aug 20 

58 

4 06 W 

3 

65CII 

25 22 N 

293 45 

Aug 20 

16 3 

4 57 W 

2 

66CII 

25 36 N 

293 47 

Aug 20 

18 3 

5 02 W 

3 

67CII 

28 12 N 

294 55 

Aug 21 

16 0 

7 11 W 

2 

68CII 

28 23 N 

295 04 

Aug 21 

18 2 

7 08 W 

3 

69CII 

30 45 N 

297 00 

Aug 22 

16 0 

9 40 W 

2 

70CII 

30 58 N 

297 12 

Aug 22 

18 3 

10 13 W 

3 

71CII 

32 58 N 

298 30 

Aug 23 

16 0 

12 35 W 

2 

72CII 

33 03 N 

298 36 

Aug 23 

18 4 

12 14 W 

3 

73CII 

33 12 N 

298 39 

Aug 24 

57 

12 44 W 

3 

74CII 

33 08 N 

301 16 

Aug 25 

15 9 

15 28 W 

2 

75CII 

33 ION 

302 57 

Aug 26 

58 

15 40 W 

3 

76CII 

32 40 N 

304 18 

Aug 26 

16 2 

16 24 W 

1 

77CII 

32 20 N 

306 10 

Aug 29 

18 4 

16 44 W 

3 

78CII 

32 08 N 

306 48 

Aug 30 

59 

16 52 W 

3 

79CII 

31 41 N 

307 30 

Aug 30 




80CII 

31 39 N 

307 33 

Aug 30 

16 0 

16 51 W 

2 

81CII 

30 34 N 

309 18 

Aug 31 




82CII 

28 40 N 

312 30 

Sep 

1 




83CII 

28 04 N 

313 14 

Sep 

2 

64 

17 08 W 

2 

84CII 

27 30 N 

313 38 

Sep 

2 




85CII 

26 32 N 

314 03 

Sep 

3 

59 

16 55 W 

3 

86CII 

25 55 N 

313 55 

Sep 

3 

15 9 

16 47 W 

2 

87CII 

25 45 N 

313 58 

Sep 

3 

181 

16 59 W 

3 

88CII 

24 44 N 

314 23 

Sep 

4 

60 

16 43 W 

3 

89CII 

23 40 N 

314 40 

Sep 

4 

15 8 

16 34 W 

2 

90CII 

23 29 N 

314 49 

Sep 

4 

181 

16 14 W 

3 

91CII 

22 36 N 

315 27 

Sep 

5 

59 

16 05 W 

3 

92CII 

21 37 N 

315 52 

Sep 

5 

16 0 

16 22 W 

2 

^rom July 25 to August 17 


Ocean Magnetic Observations, 1905-16 
Cruise II, ATLANTIC OCEAN, 1910-1911— Continued. 


Inclination 

Hor Intensity 

Instruments 

Remarks 



L M T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 

h h 

0 t 


h h 

eg s 





0 



• 






Cl, D3 


S 

6 

S 

be 

15 0 

62 24 N 

3 

15 0 

2276 

3 

D3 

189 9,10,73 

ssw 

4 

S 

bo 







D3 


ssw 

6 

S 

b 







Cl, D3 


ssw 

16 

S 

bo 







Cl, D3 

. 

SbyWfW 

20 

S 

bo 

14 8 

60 50 N 

3 

14 8 

2355 

3 

D3 

189 9,10,7Sf 

SSW 

20 

S 

bo 

* 

♦ 





Cl, D3 


SbyWfW 

20 

S 

bo 

• 






Cl, D3 


SbyWfW 

16 

S 

bo 

15 3 

60 03 N 

3 

15 3 

2384 

3 

D3 

189 9,10,73 

SSW 

12 

S 

bo 

* 






D3 


ssw 

12 

S 

bo 







Cl, D3 


SbyWiW 

12 

S 

bo 

14 7 

58 37 N 

3 

14 8 

2454 

3 

D3 

189 9,10,73 

SW 

12 

S 

b 







Cl, D3 


SWiW 

20 

S 

be 







Cl, D3 


SW*S 

20 

MS 

bo 

15 2 

56 46 N 

3 

15 2 

2539 

3 

D3 

189 9,10,73 

SW 

20 

M 

bo 







D3 


SW 

16 

M 

b 

* 

* 





Cl, D3 


SW 

30 

M 

bo 







Cl, D3 


WSW 

24 

M 

bo 

15 3 

55 14 N 

3 

15 3 

2605 

3 

D3 

189 9,10,7St 

WSW.SWby W $ W 

24 

M 

bo 


• 





Cl, D3 


SWbyWJW 

40 

M 

bo 

15 3 

54 03 N 

3 

15 3 

2668 

3 

D3 

189 9,10,73 

WSW 

44 

M 

be 


* 





D3 


WSW 

30 

M 

be 







Cl, D3 


WSW 

40 

M 

bo 

15 3 

53 01 N 

3 

15 4 

2723 

3 

D3 

189 9,10,73f 

WSW 

40 

M 

bo 







D3 


WSW 

30 

M 

be 







Cl, D3 


WSW 

30 

M 

bo 







Cl, D3 


WSW 

20 

M 

bo 

15 4 

51 28 N 

3 

15 4 

2793 

3 

D3 

189 9,10,73 

w 

29 

M 

bo 







D3 


w*s 

30 

M 

bo 







Cl, D3 


w 

30 

M 

bo 

15 0 

50 53 N 

2 

15 0 

2840 

2 

D3 

189 9,10,73 

w 

40 

M 

bo 

* 

• 





D3 


WbyS 

40 

M 

bo 







Cl, D3 


W$N 

40 

M 

bo 

* 






Cl, D3 


w 

10 

M 

bo 

96 

50 08 N 

3 

96 , 

2922 

3 

D3 

189 9,10,73 

WiN 

10 

S 

be 

16 2 

51 34 N 

3 

16 2 

2870 

3 

D3 

189 9,10,78t 

NNW 

27 

M 

bo 

• 



- 



Cl, D3 


NbyW 

30 

M 

be 

16 0 

54 59 N 

3 

16 0 

2780 

3 

D3 

189 9,10,73 

NbyE 

17 

MS 

be 

* 






Cl, D3 


NbyE 

10 

S 

be 







Cl, D3 


NNE 

20 

s 

bo 

16 2 

58 00 N 

3 

16 2 

2652 

3 

D3 

189 9,10,73 

NNE 

22 

SM 

be 







Cl, D3 


NbyE 

16 

s 

bo 

15 9 

60 59 N 

3 

16 0 

2508 

3 

D3 

189 9,10,73 

NE 

20 

SM 

be 







C1,D3 


NE 

20 

S 

be 

16 0 

63 28 N 

3 

16 0 

2349 

3 

D3 

189 9,10,78t 

NEbyE 

8 

SM 

be 







Cl, D3 


NEfE 

10 

MS 

be 

15 9 

65 05 N 

3 

16 0 

2252 

3 

D3 

189 9,10,73 

NEbyE 

12 

S 

be 


* 





Cl, D3 


E 

10 

S 

be 







Cl, D3 


Becalmed 

20 

s 

be 

15 8 

65 08 N 

3 

15 8 

2242 

3 

D3 

189 9,10,73 

E 

8 

SM 

be 







Cl, D3 


SEbyE 

20 

MS 

bo 

16 2 

64 31 N 

2 

16 1 

2238 

2 

D3 

189 9,10,73f 

SEbyE 

30 

M 

bep 







Cl, D3 


ESEJE 

6 

S 

be 







Cl, D3 


ESE 

4 

S 

be 

15 3 

63 08 N 

3 

15 3 

2290 

3 

D3 

189 9,10,73 

SEfS 

4 

S 

be 







D3 


SE*S 

4 

s 

be 

15 8 

62 03 N 

3 

15 8 

2321 

3 

D3 

189 9,10,73 

SEfS 

16 

M 

be 

15 7 

59 46 N 

3 

15 7 

2421 

3 

D3 

189 9,10,73 

SE|S 

24 

M 

ocq 







Cl, D3 


SE|S 

24 

SL 

o 

15 9 

58 05 N 

3 

15 9 

2479 

3 

D3 

189 9,10,73t 

S 

10 

SL 

beq 







Cl, D3 


Becalmed 

6 

L 

be 

15 7 

57 00 N 

3 

15 7 

2516 

3 

D3 

189 9,10,73 

SSW 

12 

LM 

be 







; Cl, D3 


Siw 

10 

L 

be 







Cl, D3 


S£E 

10 

M 

be 

15 8 

54 46 N 

2 

15 8 

2577 

2 

D3 

189 9,10,73 

SbyE*E 

10 

M 

bo 







Cl, D3 


SSE 

14 

M 

be 







Cl, D3 


SbyE 

16 

M 

bo 

15 8 

52 14 N 

2 

15 9 

2640 

2 

D3 

189 9,10,73 

SSE 

22 

M 

bo 


'From July 2o to August 17 the Carnegie was at Culebra Island, Fort Mulas, and San Juan, Porto Rico 
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Station 

Latitude 

Long 
East 
of Gr 


Decimation 

Inclination 

Hor Intensity 

Instruments 

Remarks 

Date “ 

L M T 

Value 1 

Vt 

L M 

T 

Value 1 

Vt 

L M T 

Value 

Vt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

w 

tl 


0 t 

o / 

1910 

h h 

0 / 


h 

h 

o / 


h h 

CO 8 





o 



93CII 

21 25 N 

316 00 

Sep 5 

181 

16 01 W 

3 








Cl, D3 


SSE 

16 

M 

b 

94CII 

20 21 N 

316 40 

Sep 6 

60 

15 52 W 

3 








Cl, D3 


SbyE 

20 

M 

b 

95CII 

19 21 N 

317 13 

Sep 6 




15 9 


49 23 N 

3 

15 9 

2715 

3 

D3 

189 9,10,781 

SbyE 

16 

M 

b 

96CII 

19 06 N 

317 23 

Sep 6 

181 

15 56 W 

3 








Cl, D3 


SSE 

16 

M 

b 

97CII 

17 03 N 

318 38 

Sep 7 




15 9 


46 29 N 

3 

15 8 

2770 

3 

D3 

189 9,10,78 

SSE 

8 

M 

0 

98CII 

15 10N 

319 43 

Sep 8 

15 8 

15 53 W 

2 

15 7 


43 50 N 

3 

15 8 

2821 

3 

D3 

189 9,10,78 

SSE 

10 

SM 

b 

99CII 

15 06 N 

319 46 

Sep 8 

17 4 

15 47 W 

3 








C1.D3 


SEbyS 

24 

S 

b 

100CII 

14 29 N 

320 15 

Sep 9 

15 9 

15 56 W 

2 

15 8 


43 22 N 

3 

15 8 

2819 

3 

D3 

189 9,10,78 

ssw 

9 

s 

b 

101CII 

14 24 N 

320 17 

Sep 9 

18 0 

15 43 W 

3 








Cl, D3 


SbyW*W 

8 

s 

b 

102CII 

13 01 N 

320 23 

Sep 10 

6 1 

15 38 W 

3 








C1.D3 


S 

10 

MS 

b 

103CII 

11 41 N 

320 40 

Sep 10 




15 5 


39 05 N 

3 

15 5 

2880 

3 

D3 

189 9,10,78 

S 

10 

M 

b 

104CII 

10 24 N 

320 50 

Sep 11 

15 7 

15 13 W 

2 

15 6 


37 20 N 

3 

15 6 

2898 

3 

D3 

189 9,10,78 

SbyE 

23 

SL 

b 

105CII 

10 15 N 

320 57 

Sep 11 

17 5 

15 28 W 

3 








C1.D3 


SbyE 

30 

SL 

b 

106CII 

8 52 N 

321 51 

Sep 12 




15 3 


34 46 N 

3 

15 3 

2917 

3 

D3 

189 9,10,78t 

SbyE 

16 

SL 

0 

107CII 

7 53 N 

322 45 

Sep 13 

15 7 

16 02 W 

2 

15 6 


32 15 N 

3 

15 6 

2941 

3 

D3 

189 9,10,78 

S 

10 

S 

b 

108CII 

7 44 N 

322 50 

Sep 13 

17 4 

16 12 W 

2 








Cl, D3 


S 

10 

S 

t 

109CII 

6 53 N 

323 08 

Sep 14 




15 6 


30 55 N 

3 

15 6 

2940 

3 

D3 

189 9,10,78 

SbyW 

10 

S 

t 

110CII 

6 46 N 

323 08 

Sep 14 

17 4 

16 01 W 

2 








Cl 


SbyW 

8 

s 

c 

men 

6 25 N 

323 10 

Sep 15 

17 7 

16 08 W 

3 








C1.D3 


SbyW 

12 

s 

0 

112CII 

6 08 N 

323 29 

Sep 16 




15 5 


29 31 N 

3 

15 6 

2928 

3 

D3 

189 9,10,78 

SbyW 

8 

s 

0 

113CII 

5 52 N 

324 12 

Sep 17 

17 6 

16 31 W 

3 



, 





Cl, D3 


Becalmed 

8 

8 

t 

114CII 

4 13 N 

322 42 

Sep 19 

62 

15 53 W 

3 








C1.D3 


SW 

20 

M 

t 

115CII 

3 16 N 

322 01 

Sep 19 

15 9 

15 45 W 

2 

15 9 


26 17 N 

3 

15 9 

2911 

3 

D3 

189 9,10,78t 

wsw 

11 

M 

l 

116CII 

3 10N 

321 52 

Sep 19 

17 6 

15 05 W 

3 








Cl, D3 


wsw 

10 

M 

L 

117CII 

2 28 N 

320 46 

Sep 20 

60 

14 18 W 

3 


. 






C1.D3 


wsw 

8 

S 

b 

118CII 

1 53 N 

319 40 

Sep 20 

15 7 

13 47 W 

2 

15 7 


25 05 N 

3 

15 7 

2922 

3 

D3 

189 9,10,78 

wsw 

8 

MS 

L 

119CII 

1 47 N 

319 23 

Sep 20 

17 6 

13 28 W 

3 








Cl, D3 


w*s 

10 

MS 

1 

120CII 

1 06 N 

317 42 

Sep 21 

60 

12 19 W 

3 








Cl, D3 


wsw*w 

10 

S 

L 

121CII 

0 30 N 

316 22 

Sep 21 

15 8 

11 34 W 

2 

15 8 


24 52 N 

3 

15 8 

2900 

3 

D3 

189 9,10,78 

SWbyW 

6 

M 

t 

122CII 

0 21 N 

316 07 

Sep 21 

17 6 

11 16 W 

3 








C1.D3 


WSW 

12 

M 

L 

123CII 

0 01 N 

314 44 

Sep 22 

60 

10 12 W 

3 








C1.D3 


W 

20 

MS 

t 

124CII 

005 S 

313 59 

Sep 22 


. 


15 7 


24 21 N 

3 

15 7 

2906 

3 

D3 

189 9,10,78 

WSWJW 

40 

M 

t 

125CII 

0 09 S 

313 48 

Sep 22 

17 4 

9 42 W 

3 


. 






C1.D3 


WSWfW 

36 

M 

l 

126CII 

027 S 

312 42 

Sep 23 

61 

9 03 W 

3 








C1.D3 


SWbyW 

20 

MS 

l 

127CII 1 

0 43 S 

31148 

Sep 23 




16 5 


23 53 N 

3 

16 6 

2912 

3 

D3 

189 9,10,78 

SW 

1 

S 

l 

128CII 

0 14 N 

311 59 

Oct 17 

60 

8 20 W 

3 








Cl, D3 


N*E 

10 

1 s 

1 

129CII 

1 18 N 

311 54 

Oct 17 

15 5 

8 32 W 

2 

15 4 


27 06 N 

3 

15 4 

2934 

3 

D3 

189 9,10,78 

N i 

6 

M 

t 

130CII 

1 30 N 

311 51 

Oct 17 

17 3 

8 18 W 

3 








C1.D3 


NNE 

6 

MS 

1 

131CII 

3 19 N 

311 33 

Oct 18 

59 

8 31 W 

3 






I 2926 


Cl, D3 


NiW 

4 

S 

1 

132CII 

432 N 

310 57 

Oct 18 

15 6 

8 20 W 

2 

I 15 5 


32 26 N 

3 

1 15 5 


3 | 

D3 

189 9,10,78t 

N 

8 

S 

1 

133CII 

4 45 N 

310 54 

Oct 18 

17 4 

8 08 W 

3 








Cl, D3 


NNE 

8 

S 

1 

134CII 

5 44 N 

311 06 

Oct 19 

60 

8 26 W 

3 








Cl, D3 


NEbyN 

14 

MS 

1 

135CII 

6 22 N 

311 19 

Oct 19 

15 5 

8 33 W 

2 

15 4 


35 14 N 

3 

15 4 

2924 

3 

D3 

189 9,10,78 

NbyE 

20 

M 


136CII 

6 02 N 

312 12 

Oct 21 

60 

9 20 W 

3 








Cl, D3 


Becalmed 

10 

S 


137CII 

6 10N 

312 49 

Oct 21 

15 7 

9 35 W 

2 

15 6 


34 34 N 

3 

15 7 

2902 

3 

D3 

189 9,10,78 

NEbyE 

11 

M 


138CII 

6 16 N 

312 57 

Oct 21 

17 4 

944 W 

3 








Cl, D3 


NEbyE 

18 

S 


139CIX 

7 35 N 

314 11 

Oct 22 

15 8 

10 46 W 

2 

15 7 


36 44 N 

3 

15 6 

2886 

3 

D3 

189 9,10,78 

About NE 

6 

M 


140CII 

9 20 N 

314 09 

Oct 23 

61 

11 10 W 

3 








Cl, D3 


NbyE 

16 

S 


141CII 

10 36 N 

314 13 

Oct 23 

15 5 

11 22 W 

2 

15 5 


40 40 N 

3 

15 4 

2859 

3 

D3 

189 9,10,78 

NbyE 

10 

MS 


142CII 

10 50 N 

314 13 

Oct 23 

17 4 

11 27 W 

3 








Cl, D3 


NNE 

10 

M 


143CII 

11 38 N 

314 17 

Oct 24 

60 

11 51 W 

3 








Cl, D3 


NbyEiE 

10 

S 


144CH 

12 36 N 

314 09 

Oct 25 

62 

12 02 W 

3 








Cl, D3 


NNE 

10 

s 


145CII 

13 27 N 

314 35 

Oct 25 




15 3 


43 56 N 

3 

15 3 

2836 

3 

D3 

189 9,10,78 

NEbyE*E,NE 

9 

M 


146CII 

14 41 N 

315 16 

Oct 26 

61 

13 13 W 

' 2 








Cl 


ENE 

12 

M 


147CII 

15 42 N 

315 47 

Oct 26 

15 4 

13 21 W 

‘ 2 

15 4 


45 58 N 

3 

15 4 

2783 

3 

D3 

189 9,10,78f 

NEbyN 

10 

SM 


148CII 

15 55 N 

315 50 

Oct 26 

17 3 

13 42 V? 

' 3 








Cl, D3 


NEbyN 

10 

MS 


149CII 

18 26 N 

316 27 

Oct 27 

15 4 

14 43 W 

r 2 

15 4 


49 05 N 

3 

15 4 

2725 

3 

D3 

189 9,10, 78f 

NNE 

10 

S 


150CII 

18 35 N 

316 27 

Oct 27 

171 

14 52 V 

r 3 








C1.D3 


NbyE£E 

10 

s 


151CII 

17 09 N 

317 09 

Oct 28 

15 3 

15 23 V 

r 2 

15 2 


47 12 N 

2 

15 2 

2749 

2 

D3 

189 9,10,78 

SJE.SbyE 

S 

M 


152CII 

16 58 N 

317 11 

Oct 28 

17 2 

15 13 V 

r 3 








Cl, D3 


SbyE 

8 

M 


153CII 

15 02 N 

318 15 

Oct 29 




15 5 


44 28 N 

2 

15 4 

2812 

2 

D3 

189 9,10,78 

SbyE 4E, SSE 

6 

M 


154CII 

13 42 N 

318 42 

Oct 30 

62 

15 04 V 

r 2 








Cl, D3 


SbyEfcE 

20 

M 


165CII 

12 50 N 

318 54 

Oct 30 

15 4 

15 13 V 

r 2 

15 3 


41 32 N 

3 

15 4 

2852 

3 

D3 

189 9,10,78 

S,SbyW 

10 

M 


156CII 

11 58 N 

319 50 

Nov 1 

62 

14 53 V 

r 3 








Cl, D3 


E 

6 

S 


157CII 

12 08 N 

320 38 

Nov 1 

15 4 

15 13 V 

7 2 

15 4 


39 SON 

3 

15 4 

2863 

3 

D3 

189 9,10,78 

EbyN 

4 

s 


158CII 

12 13 N 

320 45 

Nov 1 

17 3 

15 34 V 

7 3 








Cl, D3 


EbyN 

8 

s 


159CII 

11 56 N 

321 28 

Nov 2 

15 5 

15 55 V 

7 2 

15 4 


38 52 N 

3 

15 5 

2879 

3 

D3 

189 9,10,78 

SEbyS, SEbyE 

10 

s 


160CII 

11 50 N 

321 34 

; Nov 2 

17 2 

15 56 V 

7 3 




i 




Cl, D3 


SEJS 

10 

s 



J From September 24 to October 15 the Carnegie waa at Para, Brazil 
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Station 

Latitude 

Long 
East 
of Gr 


Decln 

lation 

Inclination 

Hor Intensity 

Instruments 

Remarks 


L M T 

Value 

Wt 

mi 


s 



9 








0 f 

O f 

1910 

h h 

0 / 


h h 

0 / 


h h 

eg a 





o 



161CII 

11 36 N 

322 11 

Nov 3 

15 4 

16 13 W 

2 

15 4 

38 12 N 

3 

15 4 

2888 

3 

D3 

189 9,10,78 

SSE 

10 

S 

be 

162CII 

12 16 N 

322 38 

Nov 4 

15 3 

16 40 W 

2 

15 2 

38 49 N 

3 

15 2 

2893 

3 

D3 

189 9,10,78 

SbyE 

6 

SM 

be 

163CII 

12 08 N 

322 42 

Nov 4 

17 3 

16 34 W 

3 







Cl. D3 


SSE 

6 

S 

be 

164CII 

10 SON 

323 04 

Nov 5 




15 5 

37 13 N 

3 

15 5 

2882 

3 

D3 

189 9,10,78f 

NEbyE,NE 

6 

s 

be 

165CII 

11 24 N 

323 35 

Nov 6 




15 4 

37 11 N 

3 

15 4 

2901 

3 

D3 

189 9,10,78 

NE 

6 

s 

bo 

166CII 

11 31 N 

323 40 

Nov 6 

17 2 

16 48 W 

3 







C1.D3 


NEbyE 

6 

S 

bo 

167CII 

10 51 N 

324 37 

Nov 9 

15 4 

16 46 W 

2 

15 3 

35 38 N 

3 

15 4 

2922 

3 

D3 

189 9,10,78 

NE*E 

10 

SM 

be 

168CII 

11 03 N 

324 41 

Nov 9 

17 3 

17 07 W 

3 







C1.D3 


NE 

10 

s 

be 

169CII 

9 56 N 

325 17 

Nov 10 

15 4 

17 56 W 

2 

15 4 

34 01 N 

2 

15 4 

2938 

2 

D3 

189 9,10,78 

S|E 

12 

M 

be 

170CII 

9 46 N 

325 19 

Nov 10 

17 2 

17 31 W 

2 







C1.D3 


SiE 

10 

M 

be 

171CII 

7 53 N 

326 00 

Nov 11 




15 4 

30 24 N 

3 

15 4 

2950 

3 

D3 

189 9,10,78t 

S 

12 

MS 

bco 

172CIX 

6 44 N 

326 25 

Nov 12 

62 

17 35 W 

3 







C1.D3 


SSE 

12 

MS 

cq 

173CII 

5 31 N 

327 37 

Nov 14 




15 2 

25 29 N 

2 

15 2 

2950 

2 

D3 

189 9,10,78 

About SSW 

16 

M 

oq 

174CII 

3 51 N 

327 55 

Nov 15 




15 2 

22 47 N 

1 

15 2 

2960 

1 

D3 

189 9,10,78 

About ENE 

20 

M 

cqr 

175CII 

2 58 N 

327 38 

Nov 16 




15 3 

21 04 N 

1 

15 4 

2972 

1 

D3 

189.9,10,78 

S*W 

12 

M 

pqo 

176CII 

1 03 N 

326 52 

Nov 17 

15 5 

17 53 W 

2 

15 5 

18 38 N 

3 

15 5 

2932 

3 

D3 

189 9,10,78f 

SbyWtoSWfW 

16 

M 

be 

177CII 

0 53 N 

326 45 

Nov 17 

17 4 

17 44 W 

3 







C1.D3 


SWbjS 

16 

M 

be 

178CIX 

1 39 S 

325 54 

Nov 18 

15 6 

18 00 W 

2 

15 5 

14 49 N 

2 

15 6 

2913 

2 

D3 

189 9,10, 78f 

About SWbyS 

13 

M 

be 

179CII 

1 53 S 

325 48 

Nov 18 

17 6 

17 IS W 

2 







C1.D3 


SWbyS 

14 

M 

be 

180CII 

3 20 S 

325 36 

Nov 19 

59 

17 14 W 

3 







C1.D3 


SbyW 

10 

M 

bo 

181CII 

3 53 S 

325 35 

Nov 19 

16 0 

16 25 W 

2 

15 8 

10 37 N 

3 

15 8 

2860 

3 

D3 

189 9,10,78f 

NEbyEtoENE 

10 

M 

be 

182CII 

3 42 S 

325 46 

Nov 19 

17 7 

16 45 W 

3 







C1.D3 


ENE 

10 

M 

be 

183CII 

4 42 S 

325 36 

Nov 20 

59 

17 01 W 

3 







Cl, D3 


SSW 

14 

M 

bo 

184CII 

5 47 S 

325 17 

Nov 20 




15 5 

7 17 N 

3 

15 5 

2846 

3 

D3 

189 9,10, 78t 

SWbyS 

10 

ML 

be 

185CII 

5 59 S 

325 08 

Nov 20 

17 6 

17 01 W 

3 







C1.D3 


SW 

10 

MS 

be 

186CII 

6 02 S 

325 38 

Nov 21 




15 4 

6 34 N 

3 

15 4 

2836 

3 

D3 

189 9, 10, 78 1 

About ENE 

12 

M 

bo 

187CII 

10 24 S 

325 15 

Nov 23 

15 5 

16 51 W 

2 

15 4 

0 22 S 

3 

15 4 

2739 

3 

D3 

189 9,10, 78f 

SSWJW 

7 

MS 

be 

188CII 

10 41 S 

325 10 

Nov 23 

17 6 

16 24 W 

3 







C1.D3 


SSWJW 

10 

MS 

bo 

189CII 

13 13 S 

324 32 

Nov 24 




15 5 

4 41 S 

3 

15 5 

2660 

3 

D3 

189 9,10, 78f 

SSW 

8 

S 

op 

190CII 

15 39 S 

323 52 

Nov 25 




15 4 

7 53 S 

2 

15 4 

2585 

2 

D3 

189 9,10,78t 

SWbyS 

12 

M 

c 

191CII 

17 59 S 

323 02 

Nov 26 

15 8 

14 58 W 

3 

158 

11 04 S 

3 

15 8 

2534 

3 

D3 

189 9,10,78f 

SW 

9 

s 

bo 

192CII 

18 06 S 

323 00 

Nov 26 

17 8 

14 54 W 

3 







C1.D3 


SW§S 

18 

MS 

bo 

193CII 

18 58 S 

322 29 

Nov 27 

5 6 

14 02 W 

3 







C1.D3 


sw*s 

18 

S 

be 

194CIX 

19 40 S 

322 08 

Nov 27 

15 5 

14 10W 

2 

16 0 

12 38 S 

3 

16 1 

2504 

3 

D3 

189 9,10,78f 

SW 

27 

M 

bo 

195CII 

19 SOS 

322 03 

Nov 27 

181 

14 23 W 

3 







C1.D3 


SW 

30 

MS 

be 

196CII 

21 34 S 

320 48 

Nov 28 

15 6 

13 48 W 

2 

15 5 

14 59 S 

3 

15 5 

2454 

3 

D3 

189 9,10,78f 

SWbyW 

18 

SM 

bco 

197CII 

22 33 S 

320 44 

Nov 30 




15 8 

16 04 S 

2 

15 9 

2455 

2 

D3 

189 9,10, 78t 

WSW 

30 

R 

be 

198CII 

22 52 S 

319 54 

Dec 1 

54 

12 14 W 

3 







C1.D3 


WSW1W 

20 

M 

bo 

199CII 

23 09 S 1 

318 56 

Dec 1 

15 5 

11 20 W 

2 

15 5 

16 37 S 

3 

15 5 

2411 

3 

D3 

189 9,10,78t 

w 

20 

M 

bo 

200CII 1 

23 00 S 

316 52 

Dec 23 




9 5 to 13 2 

15 02 S 

3 

9 5 to 13 2 

2463 

3 

D3 

189 9,10,78 

Swing 

23 

MS 

bo 


(Off RiodeJaneiro) 

Dec 24 

5 8 to 6 9 

9 49 W 

3 







C1.D3 


Swing 

22 

S 

bo 

201CII 

24 00 S 

317 04 

Dec 30 




15 8 

16 24 S 

3 

15 8 

2422 

3 

D3 

189 10,78f 

ESE 

14 

M 

bo 

202CII 

24 00 S 

317 09 

Dec 30 

16 6 | 

1 9 38 W 

2 







D3 


ESE 

10 

S 

bo 

203CII 

24 15 S 

316 50 

Dec 31 

18 6 

9 27 W 

3 







C1.D3 


WbyN 

12 

M 

bo 




1911 
















204CII 

24 30 S 

317 05 

Jan 1 

53 

9 21 W 

3 


. 





C1.D3 


s 

6 

S 

bo 

205CII 

25 25 S 

317 18 

Jan 1 

16 5 

9 13 W 

2 

16 4 

18 58 S 

3 

16 4 

2412 

3 

D3 

189 9,10,78f 

S$E to SbyEiE 

13 

MS 

beq 

206CXI 

25 39 S 

317 22 

Jan 1 

18 5 

9 49 W 

3 







Cl, D3 


S 

20 

MS 

bo 

207CII 

26 47 S 

318 20 

Jan 2 




15 7 

20 45 S 

3 

15 8 

2378 

3 

D3 

189 9,10,78 f 

SEbyS 

10 

M 

be 

208CII 

26 48 S 

318 23 

Jan 2 

16 5 

9 50 W 

2 







D3 


SE 

10 

S 

bo 

209CIX 

26 50 S 

318 28 

Jan 2 

18 5 

10 22 W 

2 







Cl, D3 


WNW 

10 

s 

be 

210CII 

26 54 S 

317 26 

Jan 3 




16 2 

20 49 S 

3 

16 2 

2378 

3 

D3 

189 9,10, 78f 

W 

17 

LS 

be 

211CII 

26 59 S 

317 22 

J an 3 

18 4 

9 37 W 

3 







Cl, D3 


SWbyW 

14 

s 

bo 

212CII 

28 32 S 

315 57 

Jan 4 




15 9 

21 38 S 

3 

15 9 

2352 

3 

D3 

189 9,10,78f 

SW 

8 

M 

op 

213CII 

28 52 S 

315 40 

Jan 4 

18 7 

7 37 W 

3 







Cl, D3 


sw*w 

8 

MS 

00 

214CII 

30 33 S 

315 08 

Jan 5 

16 2 

5 54 W 

2 

161 

24 31 S 

2 

16 1 

2335 

2 

D3 

189 9,10,78t 

SW 

14 

M 

bo 

215CI1 

30 44 S 

314 56 

Jan 5 

18 6 

6 25 W 

2 







Cl, D3 


SWbyW 

22 

MS 

bo 

216CII 

30 14 S 

312 33 

Jan 7 

181 

4 23 W 

3 

16 2 

23 27 S 

3 

16 2 

2371 

3 

Cl, D3 

189 9,10,78t 

NW, various 

12 

MS 

be 

217CII 

30 34 S 

312 04 

Jan 8 




15 5 

24 02 S 

3 

15 5 

2380 

3 

D3 

189 9,10,78f 

SW 

20 

M 

bo 

218CXI 

30 37 S 

312 01 

Jan 8 

16 6 

4 31 W 

2 







D3 


SW 

20 

s 

bo 

219CXI 

3120 S 

312 36 

Jan 9 




16 5 

24 50 S 

3 

16 6 

2348 

3 

D3 

189 9,10, 78f 

E.EbyS 

12 

M 

bo 

220CII 

3136 S 

312 07 

Jan 10 

16 5 

3 54 W 

2 

16 4 

24 23 S 

3 

16 4 

2385 

3 

D3 

189 9,10,78f 

SW£S 

10 

SM 

bo 

221CII 

3145 S 

312 02 

Jan 10 

18 8 

3 58 W 

3 







Cl, D3 


SWJS 

14 

MS 

be 

222CII 

33 41 S 

310 00 

Jan 11 




16 2 

26 34 S 

3 

16 2 

2400 

3 

D3 

189 9,10,78f 

SWbyW 

30 

MR 

boo 

223CII 

34 38 S 

307 25 

Jan 12 




15 5 

27 55 S 

3 

15 5 

2416 

3 

D3 

189 9,10, 78 f 

WSWfrW 

16 

SM 

or 

224CII 5 

! 35 01 S 

305 34 

Jan 13 




15 8 

28 01 S 

3 

15 8 

2453 

3 

D3 

189 9,10,7Sf 

WJS 

10 

S 

CO 

225CII 

35 01 S 

303 32 

Jan 16 




16 9 

28 23 S 

3 

16 9 

2478 

3 

D3 

189 9,10,78f 

WSW 

16 

MS 

bo 


l From December 2 to 29 the Carn-gie was at Rio de Janeiro »From January 14 to 15 the Carnegie was at Montevideo 







Final Results of Ocean Magnetic Observations, 1909-14 
Cruise II, ATLANTIC OCEAN, 1910-1911— Concluded. 


Long 

Station Latitude East Date 


226CII 35 09 S 
227CII 1 34 51 S 
228CII 34 40 S 


231CII 36 17 S 
232CII 36 24 S 


233CII 35 59 S 
234CII 35 52 S 


235CII 36 17 S 
236CII 36 37 S 


237CII 36 44 S 
238CII 37 14 S 


239CII 37 46 S 
240CXI 38 42 S 


241CII 39 14 S 
242CII 39 29 S 


243CII 39 41 S 
244CII 39 40 S 


245CII 39 58 S 
246CII 40 00 S 


247CII 40 30 S 
248CII 40 37 S 


249CII 41 00 S 
250CII 41 26 S 


251CII 41 16 S 
252CII 41 22 S 


253CII 41 12 S 
254CII 41 01 S 


255CII 40 45 S 
256CII 40 43 S 


257CII 39 50 S 
258CII 39 48 S 


259CII 39 25 S 
260CII 39 24 S 


261CII 39 26 S 
262CII 39 18 S 


263CII 39 16 S 
264CII 39 03 S 


265CII 39 01 S 
266CII 38 19 S 


267CII 38 15 S 
2S8CII 37 50 S 


269CII 36 45 S 
270CII 35 06 S 


271CII 35 03 S 
272CII 1 34 00 S 


303 13 
302 35 
302 06 
302 35 

304 11 

305 28 

306 15 

307 57 

308 06 

308 24 

309 54 

310 08 

311 28 

312 49 
316 00 
319 56 
322 14 
325 10 
325 34 
328 36 
328 53 
332 22 
334 49 
337 21 
340 43 
345 05 
349 25 

352 29 

353 34 

354 58 

355 10 
358 38 
358 57 

1 00 
1 02 
128 
2 32 
2 49 

4 51 

5 04 

7 50 

8 06 
9 49 

12 25 
16 30 
16 36 
18 14 


mi 

Jan 16 
Jan 17 
Feb 14 
Feb 15 
Feb 21 
Feb 22 
Feb 22 
Feb 23 
Feb 23 
Feb 24 
Feb 25 
Feb 25 
Feb 26 
Feb 26 
Feb 27 
Feb 28 
Mar 1 
Mar 2 
Mar 2 
Mar 3 
Mar 3 
Mar 4 
Mar 5 


L M T 

Value 

h h 

O f 

19 0 

4 44 E 

52 

5 07 E 

58 

5 03 E 

16 0 

4 20 E 

58 

3 14 E 

16 1 

2 46 E 

16 0 

0 44 E 

18 4 

1 02 E 

18 4 

0 30 E 

16 2 

0 23 W 

18 4 

0 38 W 

59 

1 29 W 

16 0 

5 16 W 

16 0 

8 11 W 

18 4 

9 39 W 

18 4 

11 34 W 

16 0 

13 59 W 

18 4 

14 02 W 

15 9 

17 29 W 


Mar 7 
Mar 8 
Mar 9 
Mar 10 
Mar 11 
Mar 11 
Mar 11 
Mar 12 
Mar 12 
Mar 13 
Mar 13 
Mar 14 
Mar 14 
Mar 14 
Mar 15 
Mar 15 
Mar 16 
Mar 16 
Mar 17 
Mar 18 
Mar 19 
Mar 19 
Mar 20 


o f 

o / 

1911 

37 37 S 

24 30 

Apr 28 

38 26 S 

26 48 

Apr 29 

38 43 S 

27 34 

Apr 29 

39 55 S 

29 49 

Apr 30 

39 56 S 

29 51 

Apr 30 

40 05 S 

30 43 

Apr 30 

40 21 S 

34 31 

May 1 

40 08 S 

37 26 

May 2 

39 47 S 

38 14 

May 3 

39 47 S 

38 39 

May 3 

40 02 S 

42 12 

May 4 

39 12 S 

47 56 

May 6 

39 28 S 

55 28 

May 8 

40 05 S 

59 15 

May 9 

40 16 S 

61 59 

May 10 

40 17 S 

62 11 

May 10 

40 18 S 

63 08 

May 10 


25 58 W 2 

26 13 W 1 
26 22 W 1 
26 29 W 1 


j 28 3S W 
28 47 W 


28 42 W 

29 26 W 
29 31 "W 
29 45 W 
29 37 W 
29 30 W 
29 13 W 


28 32 W 
27 43 W 


Hor Intensity 


Instruments 


27 46 S 3 16 4 


29 19 S 3 15 9 


29 46 S 3 16 0 
29 32 S 3 15 9 


29 28 S 3 16 2 


31 10 S 3 15 8 
33 10 S 3 16 0 
34 46 S 2 16 0 


36 35 S 2 16 1 


38 06 8 3 160 


40 31 S 3 15 6 

41 19 S 2 15 8 


43 05 S 2 15 9 

45 17 S 1 16 2 


4S 29 S 1 15 8 

49 16 S 1 15 8 


50 38 S 3 15 9 


5151 S 3 16 3 


53 19 S 3 15 6 


54 32 S 3 159 


5440 8 3 158 


! 55 40 S 3 15 8 


56 43 S 3 15 8 


57 30 S 3 15 8 

58 16 S 3 15 8 

59 23 S 2 15 4 


Cl, D3 
Cl, D3 
3 D3 
C1.D3 
3 D3 
Cl, D3 
3 D3 
3 D3 
Cl, D3 
Cl, D3 
3 D3 
C1.D3 
Cl, D3 
3 D3 
3 D3 
2 D3 
C1.D3 

2 D3 
Cl 

3 D3 
Cl, D3 

3 D3 
2 D3 

2 D3 
1 D3 
1 D3 

1 D3 

3 D3 
Cl, D3 

3 D3 
Cl 
3 D3 
Cl, D3 
3 D3 
C1,D3 
C1.D3 
3 D3 
C1.D3 
3 D3 
C1,D3 
3 D3 
Cl, T)3 I 
3 D3 
3 D3 

2 D3 
D3 

C1.D3 


189 9,10, 78f 


189 o.io.m 


189 9,10, 78f 
189 9,10,7St 


189 9,10,78t 


189 9,10,78t 
189 9, 10, 78| 
189 9,10, 78 r 


189 9,10,78f 


189 9,10,78f 


189 9,10,78f 
189 9,10,78f 
189 9,lO,7St 
189 9,10,781 
189 9,10,78f 
189 9,10,78f 
189 9,10,?8f 


189 9,10,7#t 


189 9,10,7$t 


189 9,10,7#t 


189 9,10,73t 


189 9,10,78 1 


189 9,10,7&t 


189 9,10,781 
189 9,10,78 1 

189 9 , io, 781 - 


Cruise II, INDIAN OCEAN, 1911. 


0 / 

27 56 W 

2 

26 10W 

2 

25 52 W 

1 

25 14 W 

2 

26 59 W 

2 

26 35 W 

2 


o r 

63 55 S 

1 

64 57 S 

1 

65 07 S 

1 

66 10 S 

3 

66 07 S 

3 

66 37 S 

3 

67 17 S 

3 

67 29 S 

1 

66 31 S 

3 

66 31 S 

2 

66 21 S 

3 


eg e 
1639 

1 

D4 



Cl 

1595 

1 

D4 



Cl 



D4 

1588 

1 

D4 

1550 

3 

D4 

1566 

3 

D4 

Cl, D4 

1553 

3 

D4 

1536 

3 

D4 

1565 

1 

D4 

1650 

3 

D4 

1692 

2 

D4 



Cl 



D4 

1735 

3 

D4 


189 9,10,78 
189 9,10,78 
189 9,10,78 


189 9,10,78 
189 9,10,78 
189 9,10,78 
189 9,10,78 
189 9,10,78 


About WSW 

About NW 

About Ei$ 

SEbvE 

SEbyS 

ESE 

E 

NE 
NE 
EbyS 
E IS, ESE 
ESE 

SEbyE \ E 

ESE 

ESE 

EbjS 

ESE 

ESE 

ESE 

ESE, SEbyE 
ESE 
ESE 
ESE 

SE, SEbyE 
ESE4E 
ESE|E 
ESE 
ESEJE 
ESE fE 
EbyS 
EbyS 
ESE 
EbyS 
ESE 
ESE 
SEbyE 
ESE IE 
| ESE IE 
EbyS 
EfS 
E 

EbyS,F4S 

E 

E 

EbyS 

E 

ENE 


189 9,10,78 \ 


SSE£E 

SSE}E 

SSEfE 

SSEiE 

SSEJE 

SEbyE 

SEbjrE 

E 

Becalmed 

SE 

E 

SE 

SE 

SE 

SEbyE 

SE 

SEbyE 


16 MS 
0 S 


14 ML 
10 S 


6 S 
15 ML 


20 R 
20 SM 


30 SM 
28 M 


12 SM 
16 SM 


8 S 
15 SM 


14 MS 
14 M 


10 SL 
8 S 
6 SM 


18 M 
17 MR 


14 S 
40 MR 


20 ML 
20 MR 


38 MR 
8 M 


5 SM 
34 MI 
20 R 

6 MS 




36 MR 
40 M 


40 M 
21 MR 


33 MRL 
25 MR 
20 SM 
12 SM 
10 MR 
38 MR 


26 MR 
32 M 


iFrom January 18 to February 13 the Carnegie was at Buenos Aires. 


j 1735 j 3 j D4 j 189 9,10,78 | SEbyE | 20 

®From March 21 to April 20 the Carnegie was at Cape Town 
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Ocean Magnetic Observations, 1905-16 
Crtjise II, INDIAN OCEAN, 1911 — Continued. 


ation 


Latitude 

Long 
East 
of Gr 


Decimation 

Inclination 

Hor Intensity 

Instruments 

Remarks 

Date 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 

o / 

o / 

1911 

h h 

0 t 


h h 

0 / 


h h 

eg s 





o 



4018 S 

63 18 

May 10 

15 8 

28 26 W 

2 







D4 


SEbyEJE 

18 

M 

be 

4018 S 

66 53 

May 11 

84 

27 34 W 

2 







D4 


SEbyEJE 

18 

M 

oeq 

4016 S 

68 15 

May 11 




14 8 . 

66 39 S 

1 

14 8 

1779 

1 

D4 

189 9,10,75 

SEbyE |E 

26 

MR 

bqp 

4015 S 

68 33 

May 11 

16 4 

28 47 W 

1 


* 





Cl, D4 


SEbyEJE 

25 

MR 

beq 

39 52 S 

70 42 

May 12 

87 

28 09 W 

2 







D4 


EbyS 


M 

bo 

39 30 S 

71 19 

May 12 




14 8 

66 25 S 

3 

14 7 

1834 

3 

D4 

189 9,10,75 

EbyN 

14 

M 

beq 

39 26 S 

71 25 

May 12 

15 7 

28 08 W 

2 







D4 


EbyN 

11 

M 

be 

39 13 S 

71 58 

May 13 

71 

28 37 W 

2 







Cl 


SEbyE 

16 

S 

bo 

39 16 S 

72 26 

May 13 




14 6 

66 22 S 

3 

14 6 

1855 

3 

D4 

189 9,10,75 

ESE.SE 

18 

s 

0 

39 17 S 

72 29 

May 13 

16 4 

28 13 W 

3 







Cl, D4 


SEbyE 

6 

s 

bo 

39 23 S 

73 22 

May 14 

72 

29 08 W 

3 







Cl 


SE 

8 

s 

0 

39 29 S 

73 53 

May 14 




13 4 to 177 

66 50 S 

3 

13 4 to 17 7 

1848 

3 

D4 

189 10,75 

Swing 

31 

s 

boo 

39 50 S 

74 21 

May 15 

75 

29 16 W 

3 

. 

. 





Cl, D4 


S.SbyE 

14 

s 

be 

38 52 S 

75 43 

May 16 




14 9 

66 50 S 

2 

14 9 

1872 

2 

D4 

189 9,10,75 

ESE.WNW 

8 

M 

00 

38 36 S 

76 50 

May 17 

76 

28 25 W 

3 







Cl, D4 

# 

SE 

0 

s 

bo 

37 33 S 

77 45 

May 18 




15 3 

66 11 S 

2 

15 3 

1939 

2 

D4 

189 9,10,75 

NNE,S 

16 

MR 

c 

35 18 S 

77 37 

May 19 




151 

65 25 S 

3 

15 0 

1983 

3 

D4 

189 9,10,75 

NWbyW, SEbyE 

20 

M 

boo 

35 16 S 

77 40 

May 19 

16 2 

24 44 W 

3 

. 






Cl, D4 


NNE 

20 

ML 

bo 

34 10 S 

77 46 

May 20 

74 

23 46 W 

3 







C1.D4 


NEJE 

10 

S 

bo 

33 50 S 

77 46 

May 20 




9 7 to 142 

64 34 S 

3 

9 7 to 14 2 

2028 

3 

D4 

189 9,75 

Swing 

16 

MS 

bo 

32 08 S 

77 33 

May 21 

85 

21 02 W 

2 







D4 


NbyEJE 

12 

M 

bo 

28 54 S 

76 55 

May 22 

69 

18 25 W 

3 







Cl 


NbyEJE 

12 

S 

0 

27 55 S 

76 48 

May 22 




14 8 

60 15 S 

3 

14 8 

2224 

3 

D4 

189 9,10,75 

SbyW,NbyE 

20 

M 

bo 

25 36 S 

76 19 

May 23 




14 9 

58 32 S 

2 

15 0 

2290 

2 

D4 

189 9,10,75 

S,N 

30 

MR 

00 

24 16 S 

76 16 

May 24 

67 

14 52 TV 

1 







Cl 


NNE 

36 

M 

0 

23 28 S 

76 17 

May 24 




14 9 

56 22 S 

3 

14 9 

2414 

3 

D4 

189 9,10,75 

SW,NE 

25 

M 

oo 

21 22 S 

76 24 

May 25 

74 

12 37 W 

3 







Cl, D4 


NbyEJE 

6 

MS 

bo 

20 38 S 

76 25 

May 25 




14 8 

53 23 S 

3 

14 8 

2543 

3 

D4 

189 9,10,75 

SbyW.NbyE 

20 

M 

beq 

20 29 S 

76 24 

May 25 

16 3 

11 56 W 

2 







D4 


NbyE 

6 

M 

bo 

19 16 S 

76 15 

May 26 

68 

11 03 W 

3 







C1,D4 


NbyE 

6 

MS 

bo 

19 06 S 

76 14 

May 26 

17 4 

11 16 W 

3 







Cl 


NbyE 

10 

S 

b 

18 45 S 

76 19 

May 27 

72 

10 38 W 

3 







Cl, D4 


NbyE IE 

16 

S 

bo 

18 04 S 

76 25 

May 27 




14 8 

50 59 S 

3 

14 8 

2645 

3 

D4 

189 9,10,75 

EbyS,WbyN 

10 

SM 

bo 

17 52 S 

76 19 

May 27 

171 

10 34 TV 

3 







Cl, D4 


NJE 

16 

M 

bep 

16 02 S 

76 09 

May 28 

72 

9 17 W 

3 


. 





Cl, D4 


NJE 

20 

M 

bo 

15 05 S 

76 03 

May 28 




14 8 

46 55 S 

3 

14 8 

2829 

3 

D4 

189 9,10,75 

NE,SW 

14 

SM 

bo 

14 56 S 

75 58 

May 28 

16 8 

8 52 TV 

2 







D4 


NJE 

32 

MS 

bo 

13 03 S 

75 46 

May 29 

68 

7 46 TV 

3 







Cl, D4 


NbyE.NbyW 

16 

M 

bo 

11 59 S 

75 45 

May 29 




14 7 

42 22 S 

3 

14 7 

2982 

3 

D4 

189 9,10, 75f 

NNE.SSW 

35 

M 

bo 

11 53 S 

75 46 

May 29 

17 0 

716 W 

3 







Cl, D4 


NbyEJE 

16 

M 

bo 

10 36 S 

75 43 

May 30 

66 

6 32 W 

3 







Cl, D4 


NbyEJE 

10 

MS 

be 

9 54 S 

75 46 

May 30 




14 8 

38 35 S 

3 

14 8 

3106 

3 

D4 

189 9,10, 75f 

SW,NE 

18 

M 

bo 

9 38 S 

75 47 

May 30 

17 7 

6 12 TV 

2 







Cl 


NJE 

8 

S 

bo 

8 03 S 

75 50 

May 31 

68 

5 34 TV 

3 


. 





Cl, D4 


NJE 

10 

MS 

be 

7 OSS 

75 46 

May 31 




15 1 

34 10 S 

3 

151 

3219 

3 

D4 

189 9,10,75t 

SWbyW.NEbyE 

20 

MS 

bo 

6 54 S 

75 47 

May 31 

17 5 

5 19 TV 

’ 2 







Cl, D4 


NJE 

24 

M 

bo 

5 07 S 

75 42 

Jun 1 




10 2 to 147 

30 31 S 

3 

10 2 to 14 8 

3321 

3 

D4 

189 10,75 

Swing 

32 

SML 

bo 

4 50 S 

75 43 

Jun 1 

17 2 

4 35 TV 

2 







Cl, D4 


NbyE 

10 

S 

bo 

3 23 S 

76 06 

Jun 2 

67 

3 43 TV 

' 2 







Cl, D4 


NbyE 

20 

MS 

bo 

2 31 S 

76 24 

Jun 2 




14 8 

25 16 S 

3 

14 8 

3458 

3 

D4 

189 9,10,75 j- 

SE.NW 

17 

M 

be 

2 17 S 

76 24 

Jun 2 

17 2 

3 58 TV 

’ 2 







Cl, D4 


NNW,NJW 

16 

M 

bo 

0 32 N 

76 21 

Jun 3 




14 8 

18 35 S 

3 

14 8 

3571 

3 

D4 

189 9,10,75t 

SSE.NNW 

10 

M 

bo 

0 39 N 

76 23 

Jun 3 

16 6 

3 18 TV 

2 







D4 


NbyW 

8 

MS 

0 

3 24 N 

77 11 

Jun 5 




15 3 

12 17 S 

3 

15 3 

3671 

3 

D4 

189 9,10,75t 

SbyE,NbyW 

16 

M 

bpq 

3 39 N 

77 10 

Jun 5 

18 0 

2 43 TV 

3 







Cl 


NbyE 

20 

M 

cpq 

5 11 N 

77 52 

Jun 6 




15 2 

8 34 S 

3 

15 2 

3712 

3 

D4 

189 9,10,75t 

NWbyN.SEbyS 

26 

M 

bo 

5 16 N 

78 02 

Jun 6 

17 6 

2 OS TV 

3 







Cl, D4 


NE 

42 

M 

bo 

6 52 N 

79 18 

Jul 7 




15 0 

3 55 S 

3 

15 0 

3775 

3 

D4 

189 5675f 

SbyE 

11 

M 

bo 

5 26 N 

79 44 

Jul 8 

67 

2 08 TV 

3 







Cl, D4 


SSE,SbyE 

10 

M 

or 

4 57 N 

80 03 

Jul 8 




15 0 

8 35 S 

3 

15 0 

3787 

3 

D4 

189 9,10,75f 

SE 

9 

MS 

bo 

4 48 N 

80 12 

Jul 8 

17 4 

2 17 TV 

3 







Cl, D4 


SSE 

10 

SM 

be 

4 05 N 

81 06 

Jul 9 

65 

2 24 TV 

3 







Cl, D4 


SEbyS 

8 

S 

boss 

2 24 N 

82 46 

Jul 10 

64 

2 31 TV 

3 



. 



. 

Cl, D4 


SSE.SEbyS 

10 

S 

bo 

1 48N 

83 20 

Jul 10 




14 8 

15 49 S 

3 

14 8 

3721 

3 

D4 

189 5675f 

SE 

7 

MS 

bof 

1 40 N 

83 29 

Jul 10 

17 4 

2 41 TV 

3 







Cl, D4 


SE 

8 

S 

be 

1 10 N 

84 19 

Jul 11 

64 

2 37 TV 

3 







C1.D4 


SE 

8 

s 

be 

1 02 N 

84 43 

Jul 11 




151 

17 32 S 

3 

15 0 

3719 

3 

D4 

189 5975f 

ESE 

12 

s 

b 

0 54N 

85 28 

Jul 12 

64 

233 TV 

3 







Cl, D4 


E,W 

8 

s 

bo 


OCII 

HCII 

►2CII 

I3CII 

)4CII 

15CII 

16CII 

37CII 

18CII 

19CII 

30CII 

31CII 

32CII 

D3CII 1 

04CII 

05CII 

06CII 1 ! 

07CII 

08CII 

09CII 

10CII 

11CII 

12CII 1 ] 

13CII 1 ! 

14CII 

15CI1 1 ! 

16CII 

17CII 1 

18CII 

19CII 

20CII 

21CII 

22CII 1 | 

23CII 

24CII 

I25CII 1 ! 

26CXI 

127CII 

•28CII" 

►29CII 

t30CII 

t3icir 

i32CII 

133CII 

►34CII" 

(35CII 

636CII 

137CII 

38CII 

MCIl'i 

!40CII 

I41CII 1 ! 

S42CII 

143CII 1 

I44CII 

I45CII 1 ! 

t46CII 2 | 

47CII 

1480X1 

149CII 

150CII 

61CII 

152CII 

153CII 

154CII 

!55CII 

156011 

S57CII 


Observations made on opposite courses to eliminate level-error 


2 From June 7 to July 6 the Carnegie was at Colombo, Ceylon 
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Cruise II, INDIAN OCEAN, 1911 — Continued. 


Station 3 

] 

Latitude 

( 

Long 
East 
oi Gr 


Declination 

Inclination 

Ilor Intensity 

Date ~ 

L M T 

Value V 

n 

L M T 

Value V 

Vt 

L M T 1 

/alue ^ 

Vt 


0 / 

0 / 

mi 

h h 

0 / 


h h 

0 / 


h h i 

CO* 


358CII 

100N 

85 08 , 

Jul 12 




15 0 

18 38 S 

3 

15 0 

3685 

3 

359CXI 

1 10 N 

84 21 

Jul 13 

65 

2 37 W 

3 







360CII 

1 12 N 

84 05 , 

Jul 13 




151 

17 11 S 

3 

15 1 

3714 

3 

361CII 

1 07 N 

84 44 

Jul 14 

64 

2 43 W 

3 







362CII 

1 01 N 

85 08 

Jul 14 




15 5 

17 41 S 

3 

15 4 

3708 

3 

363CII 

0 34 N 

85 51 

Jul 15 

66 

2 31 W 

3 







364CII 

0 23 N 

86 08 

Jul 15 




14 9 

19 12 S 

3 

14 9 

3700 

3 

365CII 

0 02 N 

86 36 

Jul 16 

67 

2 41 W 

3 







366CII 

0 14 S 

86 50 

Jul 16 




151 

20 12 S 

3 

15 0 

3720 

3 

367CII 

1 22 S 

87 12 

Jul 17 

66 

2 52 W 

3 







368CII 

151 S 

87 26 

Jul 17 




15 4 

23 50 S 

2 

15 4 

3628 

2 

369CII 

2 52 S 

87 58 

Jul 18 

68 

2 54 W 

3 







370CII 

318 S 

88 11 

Jul 18 




14 8 

27 25 S 

3 

14 8 

3562 

3 

371CII 

3 49 S 

88 06 

Jul 19 

77 

3 07 W 

2 







372CII 

422 S 

87 54 

Jul 19 




15 1 

29 33 S 

3 

15 1 

3494 

3 

373CII 

5 31 S 

87 03 

Jul 20 




15 4 

31 51 S 

3 

15 4 

3450 

3 

374CII 

6 33 S 

86 48 

Jul 21 

68 

4 00 W 

2 







375CII 

7 21 S 

86 19 

Jul 21 




14 9 

35 06 S 

3 

15 0 

3364 

3 

376CII 

8 52 S 

85 03 

Jul 22 

70 

5 15 W 

2 







377CII 

9 43 S 

84 20 

Jul 22 




15 2 

39 24 S 

3 

15 2 

3225 

3 

378CII 

11 02 S 

83 02 

Jul 23 

68 

6 19 W 

3 







379CII 

12 51 S 

80 54 

Jul 24 

70 

7 44 W 

2 







380CII 

13 39 S 

80 18 

Jul 24 




15 0 

44 50 S 

2 

15 0 . 

2973 

2 

381CII 

14 58 S 

79 06 

Jul 25 

70 

8 38 W 

3 







382CII 

15 43 S 

78 27 

Jul 25 




14 9 

48 22 S 

2 

14 9 

2798 

2 

383CII 

16 55 S 

77 13 

Jul 26 

73 

9 57 W 

3 







384CII 

17 27 S 

76 30 

Jul 26 




151 

50 07 S 

2 

15 0 

2683 

2 

385CII 

18 26 S 

75 00 

Jul 27 

72 

10 41 W 

2 







386CII 

19 02 S 

74 08 | 

Jul 27 




15 1 

52 31 8 

2 

15 2 

2551 

2 

387CIX 

20 16 S 

72 29 

Jul 28 

75 . 

11 54 W 

2 







388CII 

20 43 S 

71 45 

Jul 28 




16 7 

53 48 S 

3 

16 6 

2445 

3 

389CII 

21 28 S 

70 29 

Jul 29 

73 

11 SOW 

3 







390CII 

22 12 S 

69 36 

Jul 29 




16 6 

55 20 S 

3 

16 4 

2338 

3 

391CII 

23 08 S 

68 26 

Jul 30 

70 

13 17 W 

3 







392CII 

23 33 S 

67 43 

Jul 30 I 




15 3 

56 53 S 

3 

15 3 

2245 


393CII 

24 00 S 

65 56 

Jul 31 

72 

13 10 W 

3 







394CII 

24 15 S 

65 24 

Jul 31 




14 9 

57 25 S 

3 

14 9 

2184 


395CII 

24 18 S 

65 14 

Jul 31 

16 8 

13 14 W 

3 







396CII 

25 34 S 

63 52 

Aug 1 

98 

13 57 W 

2 







397CII 

25 54 S 

63 29 

Aug 1 




14 9 

59 16 S 

3 

15 0 

2089 


398CII 

26 01 S 

63 15 

Aug 1 

16 6 

14 09 W 

3 







399CII 

25 51 S 

61 34 

Aug 2 

70 

14 01 W 

3 







400CII 

25 40 S 

60 40 

Aug 2 




15 0 

59 28 S 

3 

15 0 

2036 


401CII 

25 36 S 

60 26 

Aug 2 

17 0 

13 25 W 

3 







402CII 

24 58 S 

58 38 

Aug 3 

70 

12 40 V 

3 







403CII 

24 15 S 

58 05 

Aug 3 




15 2 

58 24 S 

3 

15 2 

2058 


404CII 

24 08 S 

58 01 

Aug 3 

17 3 

12 20 W 

2 







405CII 

23 00 S 

57 55 

Aug 4 

70 

10 52 V 

3 







406CII 

22 06 S 

57 52 

Aug 4 




151 

56 08 S 

3 

151 

2169 


407CII 

20 36 S 

57 54 

Aug 5 

73 

9 25 V 

r 3 







408CII 

20 15 S 

57 50 

Aug 5 




10 4 

54 16 S 

3 

10 4 

2276 


409CII 

* 2002 S 

57 31 

Aug 5 

16 3 

9 18 V 

r 3 







410CII 

* 2005 S 

57 27 

Aug 16 

17 7 

9 47 V 

r 1 







411CII 

20 06 S 

57 28 

Aug 16 




17 2 

54 13 S 

3 

17 2 

2255 


412CII 

18 58 S 

56 52 

Aug 17 

68 

8 35 V 

1 3 







413CII 

18 12 S 

56 28 

Aug 17 




14 9 

52 04 S 

3 

14 9 

2346 


414CII 

16 27 S 

55 37 

Aug 18 

67 

6 52 V 

7 3 







415CII 

15 28 S 

55 15 

Aug 18 




15 0 

48 56 S 

3 

15 0 

2485 


416CII 

12 24 S 

54 00 

i Aug 19 




151 

44 35 S 

2 

15 1 

2645 


417CII 

9 08 S 

53 14 

: Aug 20 

72 

3 49 V 

7 3 







418CII 

9 02 S 

52 50 

• Aug 20 




15 0 

39 12 S 

2 

15 0 

2835 


419CII 

7 06 S 

52 03 

i Aug 21 

70 

3 07 V 

i 7 3 







420CII 

6 27 S 

5149 

i Aug 21 




15 0 

34 53 S 

3 

15 0 

2964 


421CII 

622 S 

5146 

» Aug 21 

17 9 

3 22 V 

7 2 







422CI3 

6 04 S 

51 23 

! Aug 22 

66 

2 58 V 

7 3 







423CI3 

543 S 

51 25 

! Aug 22 




14 8 

33 42 S 

3 

14 9 

299C 

I 

424CIX 

3 37 S 

51 4 4 

t Aug 23 

66 

2 04 V 

7 3 







425CI3 

: 241 s 

51 56 

i Aug 23 




151 

27 22 S 

3 

15 1 

3142 



Instruments 

Remarks 


Com- 

pass 

Dip Circle 

Course I 

loll 

Sea 

Wea- 

ker 

D4 

189 59?<St 

W 

o 

8 

3 

bo 

C1.D4 


w 

8 

S 

bo 

D4 

189 5975f 

SEbyE 

4 

s 

be 

Cl, D4 


ESE 

4 

s 

bom 

D4 

189 5975f 

SEbyE 

6 

s 

be 

Cl, D4 


SEbyS 

7 

s 

be 

D4 

189 59781 

SEbyE 

7 

SM 

be 

C1.D4 


SE, SEbyS 

6 

S 

be 

D4 

189 5975t 

SEbyS 

7 

s 

be 

C1.D4 


S*E,SSE 

6 

LS 

bo 

D4 

189 5975f 

SSE 

8 

MR 

bef 

Cl, D4 


S 

8 

M 

be 

D4 

189 59 78\ 

SbyE 

8 

M 

bo 

D4 


SWbyS 


M 

be 

D4 

189 59 7# t 

ssw 

20 

M 

or 

D4 

189 59 7# f 

wsw.s 

22 

M 

cqr 

Cl, D4 


ssw 

16 

M 

0 

D4 

189 59 78 

SWbyS 

12 

MR 

be 

Cl, D4 


SWbyS 

21 

MR 

be 

D4 

189 5975 

SW 

28 

R 

be 

Cl, D4 


SWbyS 

14 

R 

bo 

Cl, D4 


SW 

37 

R 

0 

D4 

189 5975 

SW 

33 

R 

bo 

Cl, D4 


SWbyS 

18 

R 

bo 

D4 

189 5975 

SW 

30 

R 

bo 

Cl, D4 


SWbyS, 8W$W 

30 

R 

bo 

D4 

189 5975 

SWbyW 

35 

R 

be 

Cl, D4 


SWbyW 

33 

MR 

0 

D4 

189 59751- 

SWbyW 

42 

R 

oc 

C1,D4 


SbyW, SWbyW 

30 

M 

c 

D4 

189 5975f 

WSW 

29 

M 

be 

Cl 


sw*w 

18 

M 

bo 

D4 

189 5975 

WSW 

24 

M 

bo 

C1.D4 


SW 

25 

MS 

be 

D4 

189 59 75 1 

WbyS 

21 

M 

bo 

Cl, D4 


WbyS 

10 ' 

s 

bo 

D4 

189 5975f 

WSW.W 

9 

s 

bf 

Cl, D4 


SWJW 

6 

s 

be 

Cl 


SWbyW 

8 

s 

b 

D4 

189 5975f 

WSW 

6 

s 

be 

C1.D4 


SWbyW * W 

6 

s 

bo 

C1.D4 


WbyN 

30 

MS 

b 

D4 

189 5975 

ISIWbyW 

30 

SM 

b 

C1,D4 


WbyS 

21 

S 

b 

Cl, D4 


NWbyW 

35 

M 

be 

D4 

189 5975 

NNE.NW 

21 

SM 

beq 

Cl 


NbyE IE 

11 

SM 

bo 

Cl, D4 


NbyE 

12 

SM 

bo 

D4 

189 5975 f 

NNE 

16 

MS 

bo 

Cl, D4 


N*E 

18 

M 

bo 

D4 

189 59 18 

NJW 

10 

SML 

bo 

D4 


Various 


MS 

be 

Cl 


N 

0 

S 

be 

D4 

189 5 75 

NNEtoNE 

0 

s 

be 

Cl, D4 


NbyW 

17 

s 

bo 

D4 

189 5975f 

NbyW 

15 

MS 

bo 

C1,D4 


NbyWIW 

24 

MS 

be 

D4 

189 5975 

NbyW 

22 

MR 

be 

D4 

189 5975 

NbyW 

42 

M 

be 

Cl, D4 


NbyW 

30 

MR 

bo 

D4 

189 5975 

NbyW 

26 

LM 

CO 

Cl, D4 


NbyW JW 

18 

M 

be 

D4 

189 5975 

NbyW 

28 

ML 

be 

Cl 


NbyW 

26 

MS 

be 

C1,D4 


NbyWiW 

23 

LM 

be 

D4 

189 5975t 

NbyE 

8 

MS 

be 

Cl, D4 

L 

NbyElE 

10 

MS 

be 

D4 

189 5975f 

NNE 

15 

SM 

be 


-Local disturbance, from August 6 to August 15 the Carnegie was at Port Louis, Mauritius 
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Ocean Magnetic Observations, 1905-16 
Cruise II, INDIAN OCEAN, 1911 — Continued . 


Station 

Latitude 

Long 
East 
of Gr 

Dat 


Declination 

Inclination 

Hor Intensity 


L M T 

Value 

Wt 

L M T 

Value 

Wt 

L M T 

Value 


0 t 

o t 

1911 

h h 

0 / 


h h 

o r 


h h 

eg 8 

426CII 

0 55 S 

52 19 

Aug 24 

82 

1 23 W 

3 






427CII 

010 S 

52 31 

Aug 24 




15 1 

22 16 S 

3 

15 1 

3271 

428CII 

1 28 N 

52 57 

Aug 25 

65 

1 08 W 

1 






429CII 

2 00 N 

53 06 

Aug 25 




14 9 

16 55 S 

3 

14 8 

3356 

430CII 

2 53 N 

53 25 

Aug 26 

64 

0 57 W 

3 






431CII 

3 27 N 

53 41 

Aug 26 




15 0 

13 18 S 

3 

15 0 

3436 

432CII 

4 23 N 

54 24 

Aug 27 

63 

0 40 W 

3 






433CII 

4 49 N 

54 51 

Aug 27 




15 0 

10 17 S 

3 

15 0 

3484 

434CII 

6 29 N 

54 46 

Aug 28 

65 

0 21 W 

3 






435CII 

7 34 N 

54 37 

Aug 28 




15 0 

3 44 S 

2 

15 0 

3344 

436CII 

9 34 N 

55 42 

Aug 29 

64 

0 01 E 

3 






437CII 

10 38 N 

56 47 

Aug 29 




15 0 

4 02 N 

3 

15 0 

3580 

438CII 

10 54 N 

57 03 

Aug 29 

17 4 

0 04E 

2 






439CII 

11 30 N 

58 34 

Aug 30 

71 

0 19 E 

2 






440CII 

11 18 N 

59 40 

Aug 30 




15 1 

6 20 N 

3 

15 0 

3607 

441CII 

11 22 N 

60 00 

Aug 30 

17 2 

0 02 E 

3 






442CII 

10 59 N 

62 08 

Aug 31 

64 

0 12 W 

3 






443CII 

10 42 N 

63 20 

Aug 31 







14 9 

3641 

444CII 

10 35 N 

63 46 

Aug 31 

17 6 

0 22 W 

3 






445CII 

10 18 N 

65 18 

Sep 

1 

64 

0 25 W 

3 






446CII 

10 26 N 

65 51 

Sep 

1 




14 9 

5 14 N 

3 

14 8 

3665 

447CII 

10 40 N 

65 58 

Sep 

1 

17 5 

0 40 W 

3 






448CII 

12 04 N 

66 38 

Sep 

2 

62 

0 23 W 

3 






449CII 

13 16 N 

66 51 

Sep 

2 




15 0 

11 13 N 

3 

15 0 

3707 

450CII 

13 34 N 

66 54 

Sep 

2 

171 

0 17 W 

3 






451CII 

15 31 N 

67 05 

Sep 

3 

74 

0 15 E 

2 






452CII 

15 54 N 

67 06 

Sep 

3 




10 7 

17 11 N 

2 

10 6 

3685 

453CII 

15 12 N 

67 39 

Sep 

3 

17 5 

0 08 W 

3 




■ 


454CII 

13 43 N 

68 45 

Sep 

4 

68 

0 19 W 

3 






455CII 

12 48 N 

69 24 

Sep 

4 




14 9 

10 16 N 

3 

14 9 

3718 

456CII 

12 30 N 

69 34 

Sep 

4 

17 3 

0 39 W 

3 






457CII 

11 02 N 

70 30 

Sep 

5 

65 

0 55 W 

3 






458CII 

10 19 N 

71 07 

Sep 

5 




14 9 

4 37 N 

3 

15 0 

3727 

459CII 

10 ION 

71 19 

Sep 

5 

17 3 

1 03 W 

3 






460CII 

9 30 N 

72 11 

Sep 

6 

64 

1 22 W 

3 






461CII 

9 06 N 

72 55 

Sep 

6 




14 8 

1 37 N 

3 

14 8 

3752 

462CII 

8 59 N 

73 08 

Sep 

6 

17 6 

1 05 W 

3 






463CII 

8 26 N 

74 06 

Sep 

7 

69 

1 33 W 

2 






464CII 

8 08 N 

74 46 

Sep 

7 




14 8 

0 35 S 

3 

14 8 

3745 

465CII 

8 04 N 

74 58 

Sep 

7 

17 4 

1 49 W 

3 






466CII 

7 48 N 

76 04 

Sep 

8 

66 

1 23 W 

3 






467CII 

7 37 N 

76 40 

Sep 

8 




15 0 

3 11 S 

3 

15 0 

3757 

468CII 

7 33 N 

76 54 

Sep 

8 

17 8 

1 28 W 

3 






469CII 

7 20 N 

77 54 

Sep 

9 

68 

1 44 W 

2 






470CII 

7 13 N 

78 28 

Sep 

9 




15 2 

3 09 S 

3 

15 2 

3790 

471CII 

7 11 N 

78 41 

Sep 

9 

17 3 

1 57 W 

3 






472CII 

6 57 N 

79 49 

Sep 

10 

63 

1 50 W 

2 







(Off Colombo) 











473CII 1 

7 21 N 

79 26 

Sep 

16 

64 

1 34 W 

2 






474CII 

6 11 N 

79 58 

Sep 

16 




15 2 

5 31 S 

2 

15 2 

3774 

475CII 

7 34 N 

82 54 

Sep 

17 

17 0 

1 32 W 

2 






476CII 

7 19 N 

82 44 

Sep 

17 




14 9 

3 10 S 

2 

14 8 

3830 

477CII 

8 08 N 

83 22 

Sep 

18 

6 1 

1 34 W 

1 






478CII 

8 52 N 

83 52 

Sep 

18 




15 2 

0 02 N 

2 

15 2 

3867 

479CII 

9 05 N 

84 00 

Sep 

18 

27 3 

1 26 W 

3 






480CII 

10 08 N 

84 15 

Sep 

19 

60 

1 10 W 

3 






481CII 

10 15 N 

84 16 

Sep 

19 

71 

0 48 W 

2 






482CII 

11 01 N 

84 37 

Sep 

19 




14 8 

5 07 N 

3 

14 8 

3896 

483CII 

11 16 N 

84 42 

Sep 

19 

17 7 

0 55 W 

; 2 






484CII 

14 46 N 

85 04 

Sep 

21 




14 4 

13 26 N 

2 

14 4 

3896 

485CII 

14 53 N 

85 06 

Sep 

21 

16 1 

0 21 W 

i 






486CII 

15 23 N 

85 40 

Sep 

22 




15 2 

15 27 N 

1 

151 

3875 

487CII 

13 04 N 

87 32 

Sep 

23 




15 1 

9 57 N 

1 

15 0 

3900 

488CII 

12 57 N 

87 41 

Sep 

23 

16 6 

0 16 W 

i 






489CII 

12 01 N 

88 54 

Sep 

24 

66 

0 35 W 

3 






490CII 

10 31 N 

91 08 

Sep 

25 

64 

0 29 W 

3 






491CII 

10 05 N 

91 51 

Sep 

25 




14 8 

3 24 N 

3 

14 8 

3957 

492CII 

9 35 N 

92 51 

Sep 

26 

73 

: 0 29 W 

1 








Instruments 


Wt 

Com- 

pass 

Dip Circle 

Course 


Cl, D4 


NbyE,NNE 

3 

D4 

189 5975r 

NNE 


Cl 


NNE 

3 

D4 

189 597Sf 

NNE 


C1.D4 


NbyE, NNE 

3 

D4 

189 597<$f 

NNE 


Cl, D4 


N, NNE 

3 

D4 

189 597<Sf 

NbyE 


Cl, D4 


NfW 

2 

D4 

189 597<5?t 

NbyE 


C1.D4 


NEbyN 

3 

D4 

189 59?Sf 

NE 


Cl, D4 


NE 


Cl, D4 

. 

ESE^E 

3 

D4 

189 5975 f 

EbyN 


Cl, D4 


E.EbyN 


Cl, D4 


ESEfE 

2 

D4 


EbyS 


Cl, D4 


ESEfE 


Cl, D4 


ESEfE 

3 

D4 

189 597£f 

NNE 


Cl, D4 


NNE 


Cl, D4 


NNE 

3 

D4 

189 597Sf 

N 


Cl, D4 


N 


Cl, D4 


N 

2 

D4 

189 59?5f 

NbyW.SbyE 


Cl, D4 


SEb>S 


Cl, D4 


SSEfE 

3 

D4 

189 597Sf 

SSE 


Cl, D4 


SSE*E 


Cl, D4 


SSE^E 

3 

D4 

1S9 59 78f 

SE 


Cl, D4 


SE 


Cl, D4 


SE§E 

3 

D4 

189 5975f 

ESE 


Cl, D4 


ESE,ESE*E 

. 

Cl, D4 


SE|E,ESE 

3 

D4 

189 597Sf 

ESE 


C1.D4 


EfN 


Cl, D4 


EbyS 

3 

D4 

189 597Sf 

EbyS 


Cl 


EbyS 


Cl 


EbyS 

3 

D4 

189 597St 

EbyS 


Cl, D4 


ESE$E 


D4 


At anchoi 


Cl 


SbjEfE 

2 

D4 

189 59/Sf 

SSE 


Cl 


NNEfE 

2 

D4 

189 597Sf 

NEbyN 


Cl 


NEbyN 

2 
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*From September 10 to September 15 the Carnegie was at Colombo, Ceylon 
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Stations 514CII to 540CII are in the Malay Archipelago a From October 27 to November 20 tho Carnegie was at Batavia 
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*Local disturbance, at anchor m Salayar Strait ^Stations 607 CII to 640 CII are in the Malay Archipelago 
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14 8 


i 11 33 S 

2 

14 8 

3783 

2 

D4 

189 5978f 

NE4E 

7 

MR 

bo 

642CII 

1 17 N 

135 55 

Jan 

20 

17 4 

3 03 E 

2 





, 



Cl, D4 


NEbyN 


MS 

bo 

043CII 

2 10N 

136 47 

Jan 

21 

66 

3 14 E 

3 

, 


• . • < 





Cl, D4 


NNEJE.NNE 


M 

bo 

644CII 

2 36 N 

137 31 

Jan 

21 

. 



14 8 


8 OSS 

2 

14 8 

3761 

2 

D4 

189 5978f 

NEbyE 

5 

MS 

bo 

045CII 

3 08 N 

138 32 

Jan 

22 

68 

3 19 E 

2 


. 






Cl, D4 


ENE2E 

. 

MS 

bo 

646CII 

4 10N 

137 41 

Jan 

23 

72 

3 03 E 

2 








Cl, D4 


NWbyN, NNW 

20 

MR 

bo 

647CII 

449 N 

137 20 

Jan 

23 

, , 



14 8 


3 43 S 

2 

14 8 

3745 

2 

D4 

189 59 78 f 

NWbyN 

20 

MR 

bo 

648CII 

5 02 N 

137 13 

Jan 

23 

17 4 

2 52 E 

2 





. 



C1.D4 


NNW 

20 

MR 

bo 

649CII 

6 32 N 

136 37 

Jan 

24 

67 

2 30 E 

2 
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^Stations 607CII to 640CII are m the Malay Archipelago J From February 3 to March 23 the Carnegie was at Manila 
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189 597Sf 

189 5978f 
189 5978 1 

189 5978 1 

189 5978 1 

189 5978f 

189 59781 

189 5978 1 

189 5978 1 

189 5978f 

189 597St 
t . . 

fe 

189 59 78 1 

1 = 

189 5978t 
i 

N,N*W 

SE 

SE 

SEbyS 

NiE 

NNE 

NbyE 

NNE JE 

NEbyE.NEJE 

E,E*N 

EbyS 

NNE, NbyE 

NEJE 

NEbyE 

NbyE.NEbyE 

EbyN 

NE4N 

EbyS.ESEJE 

NNE 

E 

EbyS 

SE, SEbyS 

E 

ESE.E 

E 

NEbyE 

NNE 

E 

SEbyEJE 

E 

E*S 

EbyS 

ESE 

EbyS 

E 

NE 

E*S 

EbyN 

NEbyE 

E*N 

E 

E 

SEbyS 

SE 

SEbyS 

SE 

SE 

SE,SE£E 

SSE,SbyE$E 

SSE 

SSE,SbyE£E 

SbyE*E 

SSE IE 

SSE 

SSE 

SSE 

SE 

SEbyS 

SE*E 

SEbyE 

SE 

SE 

SE*E 

SE 

SE*E 

SEJE 

SSE 

SEiS.SSEfE 

o 

6 

8 

8 

8 

8 

8 

15 

19 

12 

11 

10 

10 

10 

15 
10 
13 

22 

28 

16 

4 

4 

10 

12 

12 

12 

8 

8 

5 

6 

10 

10 

10 

10 

10 

10 

10 

7 

9 

11 

12 

12 

13 

10 

7 

7 

7 

7 

6 

6 

12 

10 
10 

9 

11 

11 

13 

13 

20 

13 

MR 

MR 

MS 

S 

s 

MS 

S 

MS 

MS 

MR 

MR 

M 

S 

M 

S 

S 

MS 

MLR 

MR 

M 

R 

MS 

MS 

MS 

S 

s 

s 

MS 

s 

s 

MS 

MS 

M 

MS 

MS 

S 

M 

M 

M ; 
M 

MS 

MS 

M 

MS 

MS 

MS 

MR 

MS 

MS 

M 

MS 

MR 

ML 

M 

M 

M 

M 

MR 

M 

M 

MR 

MR 

MR 

M 

MR 

MR 

ML 

MS 

be 

be 

be 

b 

bo 

bo 

be 

bo 

bo 

obo 

00 

bor 

0 

bo 

be 

bo 

be 

ocq 

orq 

be 

bo 

be 

b 

bo 

bo 

bo 

be 

bo 

be 

bor 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

be 

bo 

be 

bo 

boo 

bo 

oc 

be 

be 

bop 

bo 

bo 

bo 

bo 

bo 

be 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

obo 

bo 
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Cruise II, PACIFIC OCEAN, 1911-1913— Continued. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Remarks 

L M T 

Value 

Wt 

L M 

T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 



0 / 

o / 

1912 

h h 

o / 


h 

h 

0 / 


h h 

c g a 





0 



756CII 

3 35 N 

180 31 

May 

10 




14 6 


4 02 N 

3 

14 6 

3502 

3 

D4 

189 59781 

SEbyS 

6 

MS 

bo 

757CII 

3 22 N 

180 38 

May 

10 

17 6 

8 44 E 

3 








Cl, D4 


SE.SSE 

6 

MS 

bo 

758CII 

2 54 N 

180 47 

May 

11 

17 5 

8 37 E 

3 








Cl, D4 


SE 


MS 

bo 

759CII 

2 16 N 

180 36 

May 

13 

17 6 

8 38 E 

2 








Cl, D4 


SEbyS, ESE 


MS 

bo 

760CII 

1 55 N 

180 38 

May 

14 

66 

8 48 E 

2 








Cl, D4 


SbyE 


S 

bo 

761CII 

045 N 

180 15 

May 

15 

62 

8 34 E 

3 








Cl, D4 


SSEiE 

10 

s 

bo 

762CII 

0 06 N 

180 02 

May 

15 




14 9 


2 51 S 

3 

14 9 

3567 

3 

D4 

189 5975 1 

SbyWfW 

10 

MS 

bo 

763CII 

0 03 S 

179 55 

May 

15 

17 6 

8 52 E 

3 








Cl, D4 


SSW 

10 

MS 

bo 

764CII 

0 36 S 

179 15 

May 

16 

60 

9 05 E 

3 








Cl, D4 


ssw 

10 

MS 

be 

765CII 

1 04 S 

179 00 

May 

16 




14 9 


5 06 S 

3 

14 9 

3585 

3 

D4 

189 5975 f 

SbyE*E,SbyE 

6 

S 

bo 

766CII 

1 12 S 

178 57 

May 

16 

17 8 

8 46 E 

3 








C1.D4 


SEbyS 

6 

S 

bo 

767CII 

216 S 

178 52 

May 

17 




14 6 


7 52 S 

3 

14 6 

3640 

3 

D4 

189 5975 1 

SSEiE 

10 

8 

bo 

768CII 

2 22 S 

178 50 

May 

17 

17 5 

8 28 E 

3 








Cl, D4 


SEbyS, SSE 

10 

MS 

bo 

769CII 

2 44 S 

178 27 

May 

18 

64 

8 59 E 

3 








Cl, D4 


SSW 

8 

S 

bo 

770CII 

3 06 S 

178 08 

May 

18 




14 6 


9 OSS 

3 

14 6 

3634 

3 

D4 

189 5975f 

SSW 

8 

s 

bo 

771CII 

3 17 S 

177 58 

May 

18 

17 4 

8 21 E 

3 








Cl, D4 


SSW,SbyW£W 

8 

s 

bo 

772CII 

5 30 S 

176 16 

May 

20 

62 

9 02 E 

3 








Cl, D4 


S 

7 

s 

bo 

773CII 

5 54 S 

175 47 

May 

20 




14 6 


16 31 S 

3 

14 6 

3638 

3 

D4 

189 5975f 

SSW 

7 

s 

be 

774CII 

7 08 S 

174 37 

May 

21 

65 

8 59 E 

3 








Cl, D4 


SSW.SSWJW 

10 

MS 

bo 

775CII 

743 S 

174 03 

May 

21 




14 8 


20 29 S 

2 

14 8 

3651 

2 

D4 

189 59 75 1 

SW*S 

14 

M 

bo 

776CII 

9 04 S 

173 59 

May 

23 

17 3 

9 08 E 

3 






, 


Cl, D4 


NEbyE 


MS 

bo 

777CII 

9 20 S 

174 15 

May 

24 

70 

8 58 E 

3 








Cl, D4 


S*W 


MR 

bo 

778CII 

10 10 S 

174 01 

May 

24 




14 5 


25 21 S 

2 

14 5 

3649 

2 

D4 

189 59781 

SSE 

7 

M 

bo 

779CII 

11 44 S 

17319 

May 

25 




14 6 


28 47 S 

2 

14 6 

3615 

2 

D4 

189 59781 

sw 

14 

MR 

oc< 

780CII 

14 31 S 

172 18 

May 26 




14 6 


33 28 S 

2 

14 6 

3584 

2 

D4 

189 5975f 

s 

15 

MR 

oc 

781CII 

14 49 S 

172 09 

May 26 

171 

9 23 E 

2 








Cl, D4 


s*w 

14 

MS 

bo 

782CII 

16 16 S 

171 30 

May 27 

73 

9 28 E 

2 






. 


Cl, D4 


8 

14 

M 

bo 

783CII 

17 01 S 

171 27 

May 27 



. 

14 6 

. 

38 00 S 

2 

14 6 

3520 

2 

D4 

189 59781 

S 

14 

M 

bo 

784CII 

17 16 S 

171 22 

May 27 

17 0 

9 31 E 

3 








Cl, D4 


SbyE.SJE 

12 

M 

bo 

785CII 

18 55 S 

170 47 

May 28 

69 

10 20 E 

3 








Cl, D4 


S *W 

12 

MS 

bo 

786CII 

19 43 S 

170 33 

May 28 




14 7 


42 50 S 

2 

14 7 

3442 

2 

D4 

189 5975f 

SbyW 

10 

MS 

bo 

787CII 

21 01 S 

169 54 

May 29 

67 

10 29 E 

3 








Cl, D4 


SbyW 

10 

S 

bo 

788CII 

21 21 S 

169 47 

May 29 




14 6 


45 40 S 

2 

14 6 

3373 

2 

D4 

189 59 75 1 

ENE 

2 

MS 

bo 

789CII 

21 20 S 

170 02 

May 29 

17 2 

10 50 E 

3 








C1,D4 


EbyN 

2 

MS 

bo 

790CII 

21 14 S 

170 42 

May 30 

66 

10 32 E 

3 








C1.D4 


SEbyS.SSE 


S 

bo 

791CII 

21 40 S 

171 34 

May 31 




14 4 


45 08 S 

3 

14 4 

3359 

3 

D4 

189 5975t 

EbyS 

5 

s 

bo 

792CII 

2143 S 

171 41 

May 31 

17 3 

10 32 E 

3 








C1.D4 


E.EbyS 

5 

S 

bo 

793CII* 

2147 S 

172 02 

Jun 

1 

68 

12 16 E 

3 








Cl, D4 


ESE, EbyS 


MS 

bo 

794CII 

21 16 S 

174 02 

Jun 

3 

68 

10 47 E 

3 








C1,D4 


NE.NEJN 

9 

MS 

bo 

795CII 

20 54 S 

174 54 

Jun 

3 




14 7 


43 29 S 

2 

14 7 

3369 

2 

D4 

189 5975t 

NE 

8 

LS 

bo 

796CII 

20 43 S 

175 06 

Jun 

3 

17 2 

10 50 E 

3 








C1.D4 


NE.NEiN 

8 

S 

bo 

797CII 

19 30 S 

175 50 

Jun 

4 

67 

10 34 E 

3 








Cl, D4 


NE*E,NbyE4E 

8 

S 

bo 

798CII 

18 55 S 

176 22 

Jun 

4 




14 6 


40 03 S 

2 

14 6 

3435 

2 

D4 

189 5975! 

NE 

7 

LMS 

bo 

799CII 

18 44 S 

176 37 

Jun 

4 

17 0 

10 29 E 

2 








C1.D4 


NEiN.NE 

7 

MS 

bo 

800CII 

19 23 S 

176 19 

Jun 

5 

68 

10 21 E 

3 








C1.D4 


S*W 

8 

M 

bo 

801CIH 

20 08 S 

175 57 

Jun 

5 




14 7 


41 53 S 

2 

14 7 

3412 

2 

D4 

189 5975f 

SbyW 

8 

MS 

be 

802CII 

19 33 S 

177 03 

Jul 

2 

17 0 . 

10 10 E 

1 








Cl, D4 


SWbyS 

. 

MR 

be 

803CII 

21 35 S 

175 30 

Jul 

3 




14 7 


43 47 S 

1 

14 7 

3400 

1 

D4 

189 5975f 

SbyW 

10 

MR 

bo 

804CII 

24 26 S 

174 31 

Jul 

4 




14 7 


48 18 S 

1 

14 8 

3264 

1 

D4 

189 5975t 

SbyE 

20 

MR 

ob 

805CII 

26 26 S 

174 50 

Jul 

5 

78 

11 37 E 

2 








Cl, D4 


SE 

12 

R 

bo 

806CII 

27 19 S 

175 19 

Jul 

5 




14 8 


51 46 S 

1 

14 8 

3121 

1 

D4 

189 5975 f 

SE 

12 

MR 

bo 

807CI1 

28 57 S 

177 55 

Jul 

7 

72 

12 51 E 

3 








C1,D4 


SEbyE,E 


M 

bo 

808CII 

29 10 S 

179 05 

Jul 

7 




14 8 


53 19 S 

2 

14 8 

3044 

2 

D4 

189 59 75 f 

E 

14 

MS 

bo 

809CII2 

29 09 S 

180 56 

Jul 

7 

72 

12 24 E 

3 








Cl, D4 


NWbyN 


M 

bo 

810CII 

29 14 S 

181 41 

Jul 

7 




14 7 


52 07 S 

2 

14 7 

3083 

2 

D4 

189 5975t 

EbyS 

9 

MS 

bo 

811CII 

29 20 S 

181 53 

Jul 

7 

17 0 

12 36 E 

3 








Cl, D4 


SEiE 


M , 

bo 

812CII 

29 28 S 

183 17 

Jul 

8 




14 8 


52 58 S 

2 

14 8 

3055 

2 

D4 

189 59781 

E 

27 

MS 

be 

813CII 

29 28 S 

183 24 

Jul 

8 

17 2 

12 45 E 

2 








Cl, D4 


ESE 


M 

bo 

814CII 

29 55 S 

184 38 

Jul 

9 

71 

12 56 E 

3 








Cl, D4 


SEbyE 

8 

S 

bo 

815CII 

30 20 S 

185 50 

Jul 

9 




14 8 


53 17 S 

3 

14 8 

3016 

3 

D4 

189 59 75 1 

EbyS 

8 

MS 

00 

816CII 

31 21 S 

188 25 

Jul 

10 

, 

. 


15 1 


54 10 S 

2 

15 1 

2994 

2 

D4 

189 5975f 

EbyN 

19 

MS 

bo 

817CII 

31 31 S 

189 49 

Jul 

11 

75 

13 31 E 

3 








Cl, D4 


SEbyE 


MR 

bo 

818CII 

31 39 S 

190 06 

Jul 

11 




14 8 


54 20 S 

3 

14 8 

2958 

3 

D4 

189 6975t 

ESE 

13 

MS 

00 

819CII 

32 05 S 

191 20 

Jul 

12 

72 

13 47 E 

3 





# 



Cl, D4 


ESE 


M 

bo 

820CII 

32 08 S 

192 37 

Jul 

12 




14 8 


54 13 S 

2 

14 8 

2960 

2 

D4 

189 5975 1 

ENE 

20 

ML 


821CII 

31 54 S 

196 08 

Jul 

13 




14 9 


53 26 S 

1 

15 0 

2963 

1 

D4 

189 59 75 f 

ENE 

30 

MR 


822CII 

31 35 S 

198 17 

Jul 

14 

76 

13 22 E 

1 


. 






Cl, D4 


ESE 


R 

Iff 

823CII 

30 58 S 

201 35 

Jul 

15 

73 

13 19 E 

2 








Cl, D4 


ESE 

33 

MR 

bo 


♦Local disturbance probable ^From June 7 to June 30 the Carnegie was at Suva, Fiji Islands 2 Crossed 180th meridian, hence date, July 7, repeated. 
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Cruise II, PACIFIC OCEAN, 1911-1913— Continued. 


Station L 

1 

latitude 

Long 
East I 
ofGr 


Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 


Date - 

L M T. 

Value 7 

Vt 

HI 

HR 

ai 

HE 


El 

Com- 

pass 

Dip Circle 

Course ] 

Roll 

Sea 

Wea- 

ther 


o / 

0 / 

1912 

h h 

o t 


h h 

o / 


h h < 

: 0 * 





o 



824CII 

10 44 S 

202 50 , 

Iul 15 




14 8 

50 59 S 

2 

14 8 : 

3039 

2 

D4 

189 5975f 

ENE 

33 

MR 

be 

825 Cl I 

14 S 

205 18 

Jul 16 

7.4 

13 04 E 

3 



, 




Cl, D4 


EbyS 


M 

bo 

826CII 

SO 08 S 

206 12 

Jul 16 




15 1 

49 55 S 

2 

151 

3040 

2 

D4 

189 5975f 

E 

17 

LMS 

beq 

827CII 

SO 09 S 

206 28 

Jul 16 

16 9 

13 04 E 

2 







Cl, D4 


ENE|E 


M 

bo 

S28CII 

30 07 S 

207 58 

Jul 17 

72 

13 05 E 

2 







Cl, D4 

. 

ESE 


M 

bo 

829CII 

30 05 S 

208 41 

Jul 17 




14 8 

48 58 S 

3 

14 8 

3068 

3 

D4 

189 5975f 

EbyN 

21 

MS 

be 

830CII 

32 09 S 

210 43 

Jul 19 . 




14 7 

51 04 S 

2 

14 7 

2988 

2 

D4 

189 59751 

SEbyE 

20 

LMR 

oqr 

831CII 

31 38 S 

213 45 

Jul 21 

83 

13 32 E 

3 







Cl, D4 


ENE, ENE IE 

28 

MR 

bo 

832CII 

31 32 S 

214 04 

Jul 21 




14 9 

49 SOS 

1 

14 9 

3012 

1 

D4 

189 5975f 

EbyN 

38 

MR 

orb 

833CII 

31 30 S 

214 12 

Jul 21 

16 9 

13 03 E 

1 







Cl, D4 


ENE^E.EbyN 

38 

R 

be 

834CII 

31 12 S 

215 24 

Jul 22 

72 

13 29 E 

3 







C1.D4 


NbyW$W 

11 

M 

be 

835CII 

31 01 S 

216 05 

Jul 22 


# 


15 1 

49 05 S 

2 

15 2 

3037 

2 

D4 

189 5975f 

ENE, NEbyE 

11 

ML 

bo 

836CII 

30 54 S 

216 10 

Jul 22 

171 

13 04 E 

1 







Cl, D4 


EbyN,NEbyN 

11 

M 

bo 

837CII 

30 07 S 

217 30 

Jul 23 

74 

13 22 E 

3 

. , 



. 



Cl, D4 


N.NbyW 


M 

bo 

838CII 

29 41 S 

218 33 

Jul 23 


. 


15 0 

47 01 S 

2 

15 0 

3065 

2 

D4 

189 59 75 f 

NEbyE 

7 

LM 

bo 

839CII 

29 33 S 

218 52 

Jul 23 

171 

13 02 E 

3 







C1.D4 


NE$E 

7 

MS 

be 

840CII 

28 59 S 

220 35 

Jul 24 

71 

12 57 E 

2 







C1.D4 

. 

NbyW 


M 

be 

841CII 

28 49 S 

221 24 

Jul 24 




14 8 

45 19 S 

2 

14 8 

3089 

2 

D4 

189 5975f 

NEbyE iE 

16 

MS 

be 

842CII 

28 45 S 

221 39 

Jul 24 

17 2 

12 23E 

2 







Cl, D4 

. 

NEbyE$E,ENE 

16 

MS 

be 

843CII 

28 36 S 

j 222 16 

Jul 25 

70 

12 44 E 

3 






. 

Cl, D4 


EbyN, SEbyE 

12 

S 

bo 

844CII 

28 34 S 

I 222 32 

Jul 25 




15 2 

45 07 S 

3 

151 

3104 

3 

D4 

189 597#t 

EbyN 

12 

MS 

beq 

845CII 

28 35 S 

222 36 

Jul 25 

17 2 

12 42 E 

2 






. 

Cl, D4 


EbyN 

10 

MS 

be 

846CII 

27 58 S ! 

223 30 

Jul 26 




14 8 

44 54 S 

3 

14 8 

3070 

3 

D4 

189 597St 

NbyE 

9 

S 

bo 

847CII 

27 49 S 

223 33 

Jul 26 

17 0 

12 33 E 

3 


. 





Cl, D4 


NbyE 

9 

S 

be 

848CII 

29 43 S 

224 28 

Jul 27 




14 6 

46 14 S 

1 

14 6 

3049 

1 

D4 

189 5975 1 

SEbyE 

10 

M 

0 

849CII 

31 26 S 

228 27 

Jul 29 




14 5 

4? 29 S 

1 

14 5 

3009 

1 

D4 

189 5975t 

EbyN 

35 

MR 

oqr 

850CII 

31 42 S 

231 56 

Jul 30 




14 4 

47 10 S 

1 

14 4 

3003 

1 

D4 

189 5978t 

EbyN 

30 

MR 

oqr 

851CII ! 

32 01 S 

234 34 

Jul 31 

75 

14 01 E 

3 


. 




. 

Cl, D4 


SEbyE ^E 

42 

MR 

be 

852CII 

32 00 S 

235 56 

Jul 31 


. 


14 5 

46 52 S 

1 

14 5 

2980 

1 

D4 

189 5975t 

NEbyE 

42 

MR 

bo 

853CII 

31 29 S 

238 16 

Aug 1 

74 

13 37 E 

3 


. . 


. 



C1.D4 


ESE 


M 

be 

854CII 

31 15 S 

239 33 

Aug 1 




151 

45 30 S 

2 

151 

2965 

2 

D4 

189 5975| 

NEbyE 

26 

LM 

bo 

855CII 

31 10 S 

239 50 

Aug 1 

17 0 

14 04 E 

3 






. 

C1.D4 

. . . 

NEbyE ! 


M 

bo 

856CII 

30 36 S 

24142 

Aug 2 

72 

14 04 E 

3 







C1,D4 


NbyW 

22 

MS 

be 

857CII 

30 12 S 

242 35 

Aug 2 


. 


14 8 

43 37 S 

2 

14 8 

3003 

2 

D4 

189 5975f 

NNE 

25 

MS 

bo 

858CII 

30 01 S 

242 46 

Aug 2 

17 2 

14 32 E 

3 


. 

. 




C1.D4 


NNE 

25 

M 

bo 

859CII 

28 52 S 

243 48 1 

Aug 3 

75 

14 28 E 1 

3 



• 




Cl, D4 


NbyW 

20 

M 

be 

860CII 

28 16 S 

24415 

Aug 3 




14 8 

40 40 S 

2 

14 8 

3024 

2 

D4 

189 5975t 

NNE 

22 

MS 

be 

861CII 

28 05 S 

244 22 

Aug 3 

171 . 

14 14 E 

2 







C1,D4 


NNE 

22 

M 

bo 

862CII 

26 26 S 

245 16 

Aug 4 

69 

13 47 E 

3 







C1.D4 


NNW 

10 

MS 

bo 

863CII 

25 19 S 

245 29 

Aug 4 

. 

. 


14 6 

36 16 S 

2 

14 6 

3076 

2 

D4 

189 5975t 

N|W 

10 

MS 

bo 

864CII 

23 30 S 

245 40 

Aug 5 

69 

11 58 E 

3 







Cl, D4 


NbyW 

9 

M 

bo 

865CII 

22 41 S 

245 47 

Aug 5 

. 

. 


14 6 

33 05 S 

3 

14 6 

3114 

3 

D4 

189 5975t 

N 

8 

MS 

be 

866CII 

22 28 S 

245 47 

Aug 5 

17 2 

12 04 E 

3 


. 





Cl, D4 


NiE.N 

10 

MS 

bo 

867CII 

20 28 S 

245 48 

Aug 6 

. . 



14 8 

30 18 S 

3 

14 8 

3112 

3 

D4 

189 5975t 

NJW 

11 

MS 

bo 

868CII 

20 18 S 

245 46 

Aug 6 

17 2 

11 28 E 

2 

. 

. . 





C1,D4 


N,NbyE*E 

16 

M 

bo 

869CII 

18 05 S 

245 38 

Aug 7 

. 



15 0 

26 13 S 

3 

15 0 

3168 

3 

D4 

189 5975f 

N,NbyW 

22 

M 

bqo 

870CII 

16 44 S 

245 42 

Aug 8 

66 

10 43 E 

3 







Cl, D4 


NbyW 

17 

MR 

bo 

871CII 

15 38 S 

245 56 

Aug 8 


. 


14 9 

24 00 S 

2 

14 9 

3163 

2 

D4 

189 5975f 

N*E 

12 

MS 

bo 

872CII 

15 16 S 

245 53 

Aug 8 

17 4 

10 32 E 

2 







Cl, D4 

. 

NbyW 

10 

MS 

be 

873CII 

13 29 S 

245 59 

Aug 9 

68 

10 04 E 

3 


. 





Cl, D4 


N,N*E 

10 

MS 

bo 

874CII 

12 42 S 

246 07 

Aug 9 


. 


14 6 

17 04 S 

3 

14 6 

3235 

3 

D4 

189 597Sf 

N 

7 

MS 

bo 

875CII 

12 26 S 

246 08 

Aug 9 

17 3 

9 36 E 

3 


. 

. 




Cl, D4 

. . 

N*E 

8 

MS 

bo 

876CII 

10 45 S 

246 20 

Aug 10 

65 

9 41 E 

3 







Cl, D4 


N 

8 

MS 

be 

877CII 

9 52 S 

246 14 

Aug 10 


. 


14 8 

11 41 S 

3 

14 8 

3291 

3 

D4 

189 5975f 

N*W 

8 

MS 

bo 

878CII 

9 40 S 

246 15 

Aug 10 

17 3 

9 17 E 

3 




. 



Cl, D4 


N,N*E 

8 

M 

be 

879CII 

8 18 S 

245 55 

Aug 11 

65 

9 12 E 

3 


. 





Cl, D4 


N*W 

8 

S 

bo 

880CII 

7 30 S 

246 00 

Aug 11 




14 8 

7 32 S 

3 

14 8 

3323 

3 

D4 

189 5975t 

NbyE 

4 

MS 

be 

881CII 

719 S 

246 03 

Aug 11 

17 5 

9 13 E 

3 

. 




. . 


C1,D4 


NNE 

12 

S 

bo 

882CII 

6 20 8 

246 20 

Aug 12 

64 

8 56 E 

3 



. 




C1.D4 


NbyE*E 

12 

s 

be 

883CII 

5 30 S 

246 35 

Aug 12 


. 


14.7 

3 08 S 

3 

14 7 

3356 

i 3 

D4 

189 5975f 

NbyEJE 

5 

s 

bo 

884CII 

5 12 S 

246 41 

Aug 12 

17 6 

8 53 E 

1 3 

. 



. . 



C1.D4 

fc 

NNE 

15 

s 

be 

885CXI 

4 09 S 

246 53 

Aug 13 

i 0.4 

8 49 E 

! 2 







C1,D 4 

t 

NbyW*W 

7 

s 

bo 

886CII 

3 19 S 

246 53 

Aug 13 




14 8 

1 19 IS! 

’ 3 

14 8 

339$ 

5 3 

D4 

189 5975f 

NbyE |E 

7 

s 

b 

887CII 

3 03 S 

\ 246 53 

Aug 13 

( 17 5 

8 37 E 

: 3 



. 

. 



Cl. D^ 

L 

N*E 

8 

s 

bo 

888CII 

1 41 S 

246 58 

Aug 14 

t 63 

8 44 E 

1 3 







C1,D4 

L 

NbyE*E 

8 

s 

be 

889CII 

0 42 S 

247 1C 

Aug 14 

L . . 

. 


14 8 

6 29 N 

r 3 

14 8 

342? 

5 3 

D4 

189 5975f 

NbyE$E 

8 

s 

bo 

890CII 

0 22 S 

, 247 IS 

Aug 14 

k 17 6 

8 32E 

J 3 







Cl, 

l 

NNE 

9 

s 

be 

891CII 

0 58 IS 

I 247 24 

t Aug 1£ 

> 

. . . 


8 2 to 12 C 

) 9 55 Is 

r 3 

8 2 to 12 C 

) 343< 

l 3 

D4 

189 975 

Swing 

10 

s 

bo 














Final Results of Ocean Magnetic Observations, 1909-14 27! 


Cruise II, PACIFIC OCEAN, 1911-1913— Continued. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Remarks 

L M 

T 

Value 

Wt 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

paBS 

Dip Circle 

Course 

Roll 

Sea 

Wea 

thei 


o / 

0 / 

1912 

h 

h 

0 t 


h h 

JM, 

■ 

h h 

c g 8 





o 



892CII 

1 15 N 

246 48 

Aug 

15 

17 8 


8 27 E 

3 

. 


m 




C1,D4 


WbyN, WNW $W 

10 

S 

bo 

893CII 

1 50 N 

245 47 

Aug 

16 

62 


8 29 E 

3 


■ 

m 




C1.D4 


NW 

11 

S 

bo 

894CII 

2 13 N 

244 55 

Aug 

16 





14 8 

12 02 N 

3 

14 8 

3457 

3 

D4 

189 59 7# f 

W 

10 

S 

bo 

895CII 

2 18 N 

244 37 

Aug 

16 

17 8 


8 12 E 

2 







Cl, D4 


WNWiW 

12 

S 

bo 

896CII 

2 48 N 

243 07 

Aug 

17 

64 


8 33 E 

1 

. 



, 



Cl, D4 


WbyN 

12 

S 

bo 

897CII 

3 12 N 

24152 

Aug 

17 





14 8 

13 22 N 

3 

14 8 

3436 

3 

D4 

189 5975f 

WNW 

14 

MS 

bo 

898CII 

3 22 N 

241 26 

Aug 

17 

17 8 


8 13 E 

2 







C1,D4 


WNWiW 

19 

S 

bo 

899CII 

4 04 N 

239 21 

Aug 

18 

67 


8 17 E 

2 







Cl, D4 

, , 

w 

19 

MS 

bo 

900CII 

4 30 N 

238 11 

Aug 

18 





14 6 

15 28 N 

2 

14 6 

3425 

2 

D4 

189 5975f 

w 

24 

MS 

boo 

901CII 

440 N 

237 45 

Aug 

18 

17 8 


8 15 E 

3 







Cl, D4 


WNW 

19 

MS 

bo 

902CII 

6 08 N 

235 14 

Aug 

19 





14 5 

18 14 N 

2 

14 5 , 

3414 

2 

D4 

189 5975f 

w 

14 

S 

bo 

903CII 

6 17 N 

234 51 

Aug 

19 

17 6 


8 19 E 

3 







C1.D4 


WNWiW 

13 

MS 

bo 

904CII 

7 04 N 

232 28 

Aug 

20 





14 9 

19 36 N 

2 

14 9 

3389 

2 

D4 

189 5975 f 

w*s 

12 

MS 

00 

905CII 

7 07 N 

232 12 

Aug 

20 

17 5 


8 25 E 

2 







Cl, D4 


WbyN, WNW^W 

12 

MS 

bo 

906CII 

7 06 N 

229 25 

Aug 

21 





14 7 

19 28 N 

2 

14 7 

3375 

2 

D4 

189 5975f 

WbyN 

12 

MS 

bo 

907CII 

7 15 N 

229 03 

Aug 

21 

17 6 


8 24 E 

3 







Cl, D4 


WNWiW 

16 

M 

bo 

908CII 

7 59 N 

227 53 

Aug 

22 

62 


8 39 E 

3 







Cl, D4 


WNW 

16 

MS 

bo 

909CII 

8 35 N 

227 05 

Aug 

22 

. , 




16 4 

21 52 N 

3 

16 4 

3364 

3 

D4 

189 597$t 

WbyN 

21 

MS 

bo 

910CII 

838 N 

227 01 

Aug 

22 

17 6 


8 34E 

3 

. 






Cl, D4 


WNWIW 

21 

MS 

bo 

911CII 

8 23 N 

226 02 

Aug 

23 

70 


8 41 E 

3 




. 



Cl, D4 


wsw 


MS 

bo 

912CII 

825 N 

226 38 

Aug 

23 





14 8 

21 19 N 

2 

14 8 

3361 

2 

D4 

189 597<$t 

E|S 

8 

MS 

bo 

913CII 

7 59 N 

229 10 

Aug 

24 





14 9 

20 52 N 

2 

14 9 

3377 

2 

D4 

189 5975f 

EbyS 

7 

MS 

bo 

914CII 

7 56 N 

229 32 

Aug 

24 

18 0 

, 

8 34 E 

2 


. 





Cl, D4 


ESEJE.EIS 

8 

MS 

bo 

915CII 

7 35 N 

23149 

Aug 

25 

17 8 


8 37 E 

3 


. 





Cl, D4 

, 

EbyN,E 

8 

MS 

bo 

916CII 

7 13 N 

233 40 

Aug 

26 





14 6 

20 04 N 

3 

14 6 .. 

3401 

3 

D4 

189 5975f 

E*S 

8 

S 

bo 

917CII 

7 11 N 

233 49 

Aug 

26 

18 0 


8 28 E 

3 




, , 



Cl, D4 


ENEiE 

8 

s 

bo 

918CII 

7 05 N 

234 18 

Aug 

27 





14 6 

19 50 N 

3 

14 6 

3406 

3 

D4 

189 5975f 

WSWiW 

8 

MS 

bo 

919CII 

6 58 N 

234 02 

Aug 

27 

17 6 


8 25 E 

2 







Cl, D4 


SWbyW 

12 

S 

bo 

920CII 

6 26 N 

233 26 

Aug 

28 

68 


8 28 E 

3 







C1,D4 


SWbyS 

12 

s 

bo 

921CII 

6 13 N 

233 17 

Aug 

28 





14 7 .. 

18 03 N 

3 

14 7 

3422 

3 

D4 

189 597St 

SWbyS 

16 

s 

bo 

922CII 

5 55 N 

233 06 

Aug 

29 

61 


8 26 E 

2 







Cl, D4 

, . 

SW 

12 

s 

bo 

923CII 

5 31 N 

232 29 

Aug 

29 





14 7 

16 32 N 

3 

14 7 

3424 

3 

D4 

189 597St 

SWbyS 

7 

MS 

bco 

924CII 

5 01 N 

230 20 

Aug 

30 

, 




14 6 

15 34 N 

2 

14 6 

3392 

2 

D4 

189 5975 1 

SW 

15 

MS 

bo 

925CII 

5 02 N 

230 02 

Aug 

30 

17 6 


8 18 E 

3 







Cl, D4 


S W iW, SWbyW i W 

12 

S 

bo 

926CII 

5 13 N 

228 19 

Aug 

31 





14 5 

15 21 N 

3 

14 5 

3404 

3 

D4 

189 5975t 

SWbyWfW 

10 

MS 

bo 

927CII 

4 20 N 

225 37 

Sep 

1 

17 4 


8 20 E 

2 







Cl, D4 


swfw 

9 

MS 

bo 

928CII 

3 32 N 

224 27 

Sep 

2 

65 


8 02 E 

3 







Cl, D4 


SWfS 

9 

MS 

bo 

929CII 

2 44 N 

223 46 

Sep 

2 





14 6 

9 41 N 

2 

14 6 

3413 

2 

D4 

189 5975t 

SWbyS 

8 

MS 

bo 

930CII 

2 20 N 

223 24 

Sep 

2 

17 9 


7 58 E 

1 







Cl 


SbyWIW 

13 

M 

bo 

931CII 

0 41 N 

222 39 

Sep 

3 

64 


7 58 E 

3 







Cl, D4 


s,sjw 

13 

MS 

bo 

932CII 

0 27 S 

222 14 

Sep 

3 





14 6 

3 15 N 

2 

14 6 

3439 

2 

D4 

189 5975t 

SbyW 

18 

MS 

bo 

933CII 

049 S 

222 05 

Sep 

3 

17 5 


8 13 E 

3 







Cl, D4 


SbyW 

13 

MS 

bo 

934CII 

2 26 S 

221 26 

Sep 

4 

62 


7 59 E 

3 







Cl, D4 


SbyW 

13 

MS 

bo 

935CII 

3 33 S 

220 54 

Sep 

4 





14 8 

3 08 S 

3 

14 8 

3441 

3 

D4 

189 5975t 

SbyW 

13 

MS 

bo 

936CII 

3 52 S 

220 44 

Sep 

4 

17 6 

, 

8 15 E 

3 







C1,D4 


SbyW 

10 

MS 

be 

937CII 

5 11 S 

220 00 

Sep 

5 

62 


8 22 E 

3 







Cl, D4 


SbyW 

10 

MS 

bo 

938CII 

609 S 

219 33 

Sep 

5 





14 6 

834 S 

3 

14 6 

3444 

3 

D4 

189 5975f 

SbyW 

7 

MS 

bo 

939CII 

6 26 S 

219 21 

Sep 

5 

17 7 


8 12 E 

3 

. 






Cl, D4 


SbyWfW.SbyW 

7 

S 

bo 

940CII 

738 S 

218 39 

Sep 

6 

65 


8 37 E 

3 




, 

. 


Cl, D4 


SbyW 

7 

s 

bo 

941CII 

820 S 

218 17 

Sep 

6 

, 




13.5 

13 25 S 

3 

13 5 

3426 

3 

D4 

189 5975f 

SbyW 

7 

s 

bo 

942CII 

844 S 

218 12 

Sep 

6 

17 9 


8 41 E 

1 




, 



Cl 


SbyE 

7 

s 

bo 

943CII 

11 14 S 

217 20 

Sep 

8 

63 


8 51 E 

3 







C1,D4 


S*W,SbyW 

18 

M 

bo 

944CII 

12 13 S 

216 56 

Sep 

8 





14 4 

20 47 S 

2 

14 4 . 

3406 

2 

D4 

189 5975t 

SbyW 

18 

MS 

bo 

945CII 

13 55 S 

215 48 

Sep 

9 

62 


9 24 E 

3 







C1,D4 

» • * 

SSW.SbyW 

12 

MS 

bo 

946CII 

14 27 S 

214 55 

Sep 

9 





15 4 

25 22 S 

3 

15 4 

3377 

3 

D4 

189 5975f 

SW 

5 

S 

bo 

947CII 

1435 S 

214 44 

Sep 

9 

17 5 


9 22 E 

3 


. 


I , , 



C1,D4 

, 

SSWfW, SWbyS 

6 

S 

bo 

948CIT 

15 41 S 

212 52 

Sep 

10 





14 5 

27 38 S 

2 

14 5 

3374 

2 

D4 

189 5975f 

SSW 

7 

MS 

bo 

949CII 

16 02 S 

212 28 

Sep 

10 

17 4 


9 15 E 

3 





. 


C1,D4 


SW$S 


M 

bo 

950CII 1 

17 33 S 

211 00 

Sep 

11 

64 


10 04 E 

3 


« . . 





C1,D4 


SSWiW.SbyWfW 


MS 

be 

951CII 

17 22 S 

209 55 

Oct 

16 

59 


9 54 E 

3 







C1,D4 


SSW 

9 

S 

bo 

952CII 

17 49 S 

209 26 

Oct 

16 





14 8 

32 05 S 

3 

14 8 

3355 

3 

D4 

189 5975t 

SWbyS 

9 

s 

bo 

953CII 

18 01 S 

209 16 

Oct 

16 

17 4 


9 58 E 

3 







C1,D4 


SbyW |W 

9 

s 

bo 

954CII 

18 40 S 

208 36 

Oct 

17 




. 

14 8 

33 11 S 

2 

14 8 

3331 

2 

D4 

189 5975f 

wsw 

17 

MR 

oqr 

955CII 

18 48 S 

208 10 

Oot 

17 

17 9 


10 31 E 

1 


• • 



• . 


Cl 

, 

SW 

12 

MR 

bo 

956CII 

19 25 S 

206 57 

Oct 

18 

59 


10 23 E 

3 







C1,D4 


SWbyW,SW 

12 

MR 

bo 

957CII 

20 00 S 

205 53 

Oct 

18 





14 2 

35 47 S 

2 

14 2 

3332 

2 

D4 

189 59 75 1 

SWbyS 

8 

MR 

bo 

958CI1 

20 16 S 

205 33 

Oct 

18 

17 3 


10 31 E 

3 







Cl, D4 


SW*W, SWbyS 

14 

MR 

bo 

959CII 

21 58 S 

203 38 

Oct 

19 





14 3 

39 25 S 

2 

14 3 

3303 

2 

D4 

189 5975f 

SSWfW 

19 

MR 

00 

960CII 

22 13 S 

203 18 

Oct 

19 

171 


10 50 E 

3 

* 




* 

•• 

Cl, D4 


SSW 

14 

R 

bo 


l Frora September 12 to October 15 the Carnegie was at Papeete, Tahiti 









Ocean Magnetic Observations, 1905-16 


Cruise II, PACIFIC OCEAN, 1911-1913— Continued. 



Instruments 


L M T. Value Wt 


1 / o / 1912 h 1 

32 S 20146 Oct 20 

41 S 201 42 Oct 20 

47 S 201 39 Oct 20 17 5 

18 S 200 53 Oct 21 

21 S 200 51 Oct 21 17 4 

48 S 200 50 Oct 22 6 4 

56 S 201 17 Oct 22 

33 S 202 52 Oct 23 

56 S 206 07 Oct 24 
00 S 209 11 Oct 25 
07 S 210 41 Oct 26 5 4 

1 13 S 211 28 Oct 26 
, 16 S 211 37 Oct 26 17 5 
* 06 S 214 40 Oct 27 17 5 
i 34 S 216 23 Oct 28 5 7 

i 46 S 217 16 Oct 28 
i 48 S 217 42 Oct 28 17 7 
f 05 S 219 37 Oct 29 5 6 

r 16 S 221 11 Oct 29 
r 18 S 221 46 Oct 29 17 8 
r25S 224 05 Oct 30 
r28S 22418 Oct 30 17 6 
r 35 S 225 13 Oct 31 5 2 

r 41 S 225 51 Oct 31 
r44S 226 08 Oct 31 17 9 
5 01 S 227 26 Nov 1 
J 02 8 227 31 Nov 1 17 5 

J 14 S 228 33 Nov 2 
3 16 S 228 42 Nov 2 17 9 
3 35 S 230 11 Nov 3 6 3 

3 49 S 231 29 Nov 3 

8 53 S 232 01 Nov 3 179 

9 08 S 233 35 Nov 4 5 8 

9 20 S 234 52 Nov 4 

9 23 8 235 12 Nov 4 18 2 

I9 28S 236 08 Nov 5 5 2 

19 32 3 237 06 Nov 5 

19 34 8 237 46 Nov 5 17 6 

J9 38S 239 58 Nov 6 5 6 

39 39 S 241 29 Nov 6 

39 36 S 244 29 Nov 7 

39 36 S 244 59 Nov 7 17 7 

39 38 S 247 49 Nov 8 

39 35 S 248 18 Nov 8 18 2 

39 30S 249 36 Nov 9 
39 56 S 250 27 Nov 10 18 6 
40 32 S 252 20 Nov 11 
41 16 S 254 47 Nov 12 
41 23 S 255 20 Nor 12 17 7 
41 54 S 258 44 Nov 13 
42 56 S 26106 Nov 14 71 

43 22 S 261 29 Nov 14 
41 58 S 262 52 Nor 15 
41 52 S 263 07 Nov 15 171 
41 38 S 263 58 Nov 16 
41 36 8 263 59 Nov 16 17 8 
41 15 S 264 24 Nov 17 5 6 

4108 8 264 34 Nov 17 18 4 

41 37 8 265 33 Nov 18 
43 11 8 268 50 Nov 19 
43 18 S 269 11 Nov 19 171 
44 07 S 27116 Nov 20 6 8 

4439 S 272 41 Nov 20 
44 10 S 275 52 Nov 21 
42 32 S 27811 Nov 22 7 0 

41 44 8 279 16 Nov 22 
41 24 8 279 41 Nov 22 176 
40 18 8 281 04 Nov 23 54 



12 13 E 3 
12 16 E 3 


14 35 E 2 j 

14 46 E 2 ! 

15 07 E 3 

14 52 E 3 
14 50 E 3 


15 07 E 3 
15 28 E 3 


h o t h h 

43 17 S 3 14 5 

43 28 S 1 

45 47 S 3 


4849 S 3 146 
51 43 S 3 143 
5350 S 2 
5429 8 2 144 

5411 S 2 142 


5438 S 3 146 


5426 S 2 141 


54 18 S 2 14 2 


54 04 S 3 14 2 


13 6 to 16 2 54 33 S 3 


16 06 E 3 
16 14 E 3 


16 13 E 1 
16 18 E 3 


16 11 E 3 

17 02 E 3 I 


17 28 E 2 
17 39 E 2 ! 


54 32 S 3 15 4 


54 39 S 2 141 


54 26 S 2 15 2 


54 26 8 3 142 


15 0 53 42 S 2 15 0 

146 53 05 8 2 146 

144 5219 S 3 144 

13 5 to 15 9 5136 S 3 . 

14 4 51 55 S 3 144 

14 4 51 54 S 3 14 3 

14 4 . 51 31 S 3 14 4 

14 4 51 52 S 3 14 4 

14 6 50 15 S 3 14 6 


21 31 E 1 
21 38 E 3 
21 33 E 3 


22 28 E 1 
22 41 E 1 


19 10 B 3 
18 54 E 2 


49 05 8 3 14 7 

48 54 S 2 14 6 


48 49 S 2 14 8 
47 10 8 3 14 5 


43 23 S 2 14 € 


eg a 

3225 3 D4 


C1»D4 
C1.D4 
3088 3 D4 


189 597St 
El 3 


3088 3 D4 El 3,189 597Sf SEbyS 1 

2995 3 D4 El 3,189 597St SE 

El 3 EiS S 

2867 2 D4 El 3,189 5975f EbyN 5 

Cl, E>4 N£E 

2889 2 D4 El 3,189 597<St E 1 

Cl EbyS 1 

Cl, 1)4 ESE 

Cl, D4 N 

2842 3 D4 ‘El 3,189 5975f EbyN ‘ 

Cl, D4 ESE IE 

Cl, D4 ENE 

2854 2 D4 El 3,189 597Sf EbyN 
Cl, D4 . NE 

2854 2 D4 El 3,189 5975 1 E 

Cl, 1)4 E 

Cl, D4 NEbyN 

2857 3 D4 EX 3,189 597St E 

Cl, 1)4 SEbyE.ESEJE 

El 3 E 

Cl t D4 ESE*E 

2849 3 D4 El 3,189 597#t E 

Cl, D4 ESE*E 

Cl, D4 N*E 

2825 2 D4 El 3,189 597Sf E*N 

Cl, D4 EbyN 

Cl, D4 NNE 

2816 2 D4 El 3,189 5975t E*N 

C1.D4 E*S 

Cl, D4 NbyW 

2810 3 D4 El 3,189 597St EfN 

Cl, D4 . E*N 

Cl, D4 NEbyE 

2804 2 D4 El 3,189 5978] E$N 

2827 2 D4 El 3,189 5978] EbyN.EfN 

Cl, D4 EiN 

2812 3 D4 El 3,189 597Sf ENE*E 

C1.D4 ENE IE 

El 3 Becalmed 

Cl, D4 E|S 

2798 3 D4 El 3,189 597Sf E 

2801 3 D4 El 3,189 597Sf EbyN 

Cl EbyN 

. 2768 3 D4 El 3,189 597Sf EbyN 

Cl SEbyE^E 

2754 3 D4 El 3,189 597Sf NbyW 

2768 3 D4 El 3,189 597Sf NE I 

Cl, D4 NEbyE JE 

, El 3 NEbyN toENE 

Cl NNEiE 

Cl, 1)4 NNE 

Cl, D4 NW 

2760 3 D4 El 3,189 5975t EbyS 

2769 2 D4 El 3,189 5975f E*N 

Cl . . E£N 
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Cruise II, ATLANTIC OCEAN, 1913. 
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iFrom January 28 to February 21 the Carnegie was at Port Stanley, Falkland Islands 
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Cruise II, ATLANTIC OCEAN, 1913— Continued. 
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3 







Cl, D4 


WNW fW 

10 

S 

b 

1199CII 

12 54 8 

325 01 

Apr 21 




14 8 

4 57 S 

3 

14 8 

2655 

l 3 

D4 

El 3,189 5978t 

W}N 

14 

MS 

b 

1200CII 

12 55 8 

324 51 

Apr 21 

17 4 

16 29 W 

2 







Cl, D4 


W$N 

14 

S 

b 

1201CII 

13 02 8 

324 00 

Apr 22 

64 

16 09 W 

3 







Cl, D4 


WNW |W 

16 

s 

b 

1202CII 

13 06 S 

323 32 

Apr 22 




15 0 

4 04 S 

3 

151 

2656 

3 

D4 

El 3,189 59 78 1 

WJN 

18 

SL 

b 

1203CII 

13 16 S 

322 21 

Apr 23 

64 

15 03 W 

3 







C1.D4 


WNW*W 

10 

MS 

b 

1204CII 

13 14 8 

321 58 

Apr 23 




14 6 

3 30 8 

3 

14 6 

2651 

3 

D4 

El 3,189 59 78 1 

WJStoWfN 

10 

M 

b 

1205CII 2 

13 06 S 

321 25 

Apr 24 

65 

14 22 W 

3 







Cl, D4 


NE 

• 

8 

b 

1206CII 

12 30 8 

323 41 

May 20 

68 

15 40 W 

3 







Cl, D4 


EfS 

10 

M 

b 

1207CII 

1211 S 

324 18 

May 20 




15 3 

3 19 S 

2 

15 3 

2677 

2 

D4 

El 3,189 5978 \ 

E 

10 

M 

b 

1208CII 

12 06 S 

324 29 

May 20 

17 4 

16 13 W 

3 







Cl, D4 

, . 

E 

10 

M 

b 

1209CII 

10 38 S 

326 43 

May 22 

70 

17 36 W 

3 







C1,D4 


NEbyE 


M 

b 

1210CII 

10 51 S 

326 36 

May 22 




154 

3 02 S 

2 

15 4 

2692 

2 

D4 

El 3,189 59 78 1 

SW.SWbyW 

10 

MR 

b 

1211CII 

12 50 S 

325 03 

May 23 




15 8 

4 58 S 

2 

15 9 

2639 

2 

D4 

El 3,189.5978! 

SW 

10 

MR 

b 

1212CII 

14 17 S 

323 37 

May 24 




15 0 

6 16 S 

2 

15 0 

2605 

2 

D4 

El 3,189 5978f 

W8W 

10 

SM 

b 

1213CII 

15 54 8 

323 44 

May 26 

68 

15 53 W 

2 







Cl, D4 


SSW 


R 

b 

1214CII 

16 39 S 

323 32 

May 26 




15 2 

9 56 8 

2 

15 2 . 

2547 

2 

D4 

El 3,189 5978t 

8 by W, SSW 

21 

MR 

b 

1215CII 

18 23 8 

323 11 

May 27 




14 9 

12 24 8 

3 

14 8 

2502 

3 

D4 

El 3,189 5978t 

8SE 

9 

M 

b 

1216CII 

18 55 8 

323 09 

May 28 

70 

15 14 TV 

p 3 







C1,D4 


SSE 

6 

M 

l 

1217CII 

18 55 S 

323 03 

May 28 

17 2 

15 16 W 

r 3 







Cl, D4 

. . 

SEbyS 

6 

S 

t 

1218CII 

18 38 8 

323 57 

May 29 




15 1 

13 41 8 

3 

151 

2479 

3 

D4 

El 3,189 5978f 

ESEtoSE 

4 

M 

t 

1219CII 

18 12 S 

325 04 

May 30 

70 

16 16 W 

r 3 







C1.D4 


ENEJE 

8 

S 

l 

X220CII 

17 59 8 

325 20 

May 30 




15 0 

13 07 8 

3 

15 0 

2498 

3 

D4 

El 3,189 5978f 

ENEiE 

8 

MS 

t 

1221CII 

17 33 8 

326 06 

May 31 

70 

16 59 W 

r 3 



. 




Cl, D4 


NE 

* 

8 


1222CII 

17 45 8 

325 54 

May 31 




14 8 

13 22 8 

3 

14 8 

2496 

3 

D4 

El 3,189 5978f 

SWbyS 

6 

M 


1223CII 

18 38 8 

325 40 

Jun 1 

17 3 

16 53 W 

r 3 







Cl, D4 


S 


8 


1224CII 

19 06 8 

325 47 

Jun 2 

67 

16 49 V 

7 3 







C1.D4 


SbyE 

8 

S 


1225CII 

19 33 8 

325 54 

Jun 2 




14 8 

16 OSS 

3 

14 8 

2447 

3 

D4 

El 3,189 5978f 

SSW.SfcW 

8 

M 


1226CII 

19 41 S 

325 53 

Jun 2 

17 3 

16 47 V 

7 3 







C1.D4 


SSW 

8 

8 


1227CII 

20 50 8 

325 44 

Jun 3 

67 

16 35 V 

7 3 







Cl, D4 


SbyW 

7 

8 


1228CII 

2143 8 

326 08 

Jun 3 




15 0 

19 34 S 

3 

15 0 

2394 

3 

D4 

El 3,189.5978! 

SbyE 

6 

SL 


1229CII 

23 44 S 

327 19 

Jun 4 

70 

17 14 V 

7 2 







Cl, D4 

: 

SbyEfE 

20 

MR 


1230CII 

24 47 S 

328 01 

Jun 4 




14 9 

25 04 8 

3 

14 9 

2301 

3 

D4 

El 3,189 59781 

• SbyEfE 

20 

ML 


1231CII 

20 48 8 

329 26 

' Jun 5 

69 

17 54 V 

7 3 







C1,D 4 

: . 

SbyEJE 

22 

M 

1 


1 From April 4 to April 9 the Carnegie was at Jamestown, St Helena 2 From April 25 to May 18 the Carnegie was at Bahia. Brazil 
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Station Latitude 


L232CII 27 45 S 
L233CII 29 23 S 
L234CII 29 4=7 8 
1235CII 29 51 8 
1236CII 30 30 8 
1237CII 30 53 8 
1238CII 31 33 S 
1239CII 31 51 S 
1240CII 31518 
1241CII 3147 8 
1242CII 31 47 S 
1243CII 3148 8 
1244CII 32 08 8 
1245CII 32 38 S 
1246CII 32 40 S 
1247CII 32 31 S 
1248CII 32 09 S 
1249CII 32 00 8 
1250CII 31 59 S 
1251CII 30 42 8 
1252CII 27 57 S 
1253CII 27 39 8 
1254CII 26 48 S 
1255CII 26 33 S 
1256CII 26 31 S 
1257CII 25 06 S 
1258CII 23 47 8 
1259CII 23 19 8 
1260CII 21 50 S 
1261CII 2134 8 
1262CII 19 04 8 
1263CII 1 18 38 8 
1264CII 15 34 8 
1265CII 15 27 S 
1266CII 13 58 S 
1267CII 13 47 S 
1268CII 11 42 S 
1269CII 11 26 8 
1270CII 10 03 S 
1271CII 9 13 8 

1272CII 8 08 S 

1273CII 7 08 8 

1274CII 5 20 8 

1275CII 4 30 S 

1276CII 4 12 8 

1277CII 3 11 S 

1278CII 2 34 S 

1279CII 0 59 S 

1280CII 0 22 S 

1281CII 0 06 S 

1282CII 0 54 N 

1283CII 1 31 N 

1284CII 1 42 N 

1285CII 2 32 N 

1286CII 3 18 N 

1287CII 3 36 N 

1288CII 4 38 N 

1289CII 5 22 N 

1290CII 5 39 N 

1291CII 7 14 N 

1292CII 8 14N 

1293CII 10 19 N 
1294CII 10 37 N 
1295CII 10 39 N 
1296CII 10 30 N 
1297CII 10 49 N 
1298CII 12 24N 
1299CII 12 42 N 


Ocean Magnetic Observations, 1905-16 
Cruise II, ATLANTIC OCEAN, 1913— Continued. 


Long 
East 
of Gr 

Dat 


Decimation 

Inclination 

Hor Intensity 


L M T 

Value 

Wt 

L.M T 

Value 

Wt 

L M T 

Value 

Wt 

o / 

1918 

h h 

0 / 


h h 

o / 


h h 

cgs 


330 12 

Jun 

5 




15 0 

29 34 S 

3 

15 0 

2258 

3 

331 25 

Jun 

6 

70 

18 40 W 

3 







332 37 

Jun 

6 




14 8 

32 38 S 

3 

14 8 

2199 

3 

332 57 

Jun 

6 

16 8 

20 00 W 

3 







335 24 

Jun 

7 

71 

20 54 W 

3 







336 58 

Jun 

7 




15 4 

36 43 S 

3 

15 3 

2164 

3 

340 37 

Jun 

8 

* 



15 2 

39 29 S 

2 

15 2 

2122 

2 

342 53 

Jun 

9 

. 



151 

4111 S 

3 

15 1 

2102 

3 

344 44 

Jun 

10 

76 

24 17 W 

2 







346 03 

Jun 

10 




15 0 

43 08 S 

2 

15 0 

2076 

2 

346 21 

Jun 

10 

17 0 

25 11 W 

2 







347 25 

Jun 

11 

72 

25 40 W 

3 







348 18 

Jun 

11 




14 7 

4429 S 

3 

14 7 

2059 

3 

351 47 

Jun 

12 




151 

46 51 S 

2 

151 

2025 

2 

352 04 

Jun 

12 

16 8 

27 16 W 

3 







352 51 

Jun 

13 

76 

27 34 W 

3 







353 12 

Jun 

13 




15 5 

47 37 S 

2 

15 5 

1998 

2 

353 10 

Jun 

13 

16 5 

27 29 W 

1 







353 37 

Jun 

14 




15 0 

47 10 S 

2 

15 0 

2023 

2 

355 05 

Jun 

15 

16 8 

27 53 W 

2 







356 23 

Jun 

17 




14 8 

46 47 S 

3 

14 8 

2028 

3 

356 29 

Jun 

17 

17 0 

27 36 W 

3 







356 32 

Jun 

18 

72 

27 09 W 

3 







356 43 

Jun 

IS 




15 2 

46 34 S 

3 

15 2 

2051 

3 

356 44 

Jun 

18 

16 8 

27 14 W 

3 







355 50 

Jun 

19 




14 6 

45 10 S 

3 

14 6 

2074 

3 

355 09 

Jun 

20 

86 

26 30 W 

3 







355 04 

Jun 

20 




14 5 

43 07 S 

3 

14 5 

2106 

3 

354 57 

Jun 

21 




14 4 

42 00 S 

3 

14 4 

2145 

3 

354 57 

Jun 

21 

171 

25 55 W 

3 







354 54 

Jun 

22 




14 5 

39 28 S 

3 

14 5 

2222 

3 

354 52 

Jun 

22 

17 3 

25 17 W 

3 







353 51 

Jul 

21 




15 6 

3511 S 

3 

15 6 

2332 

3 

353 42 

Jul 

21 

17 7 

24 39 W 

2 







352 29 

Jul 

22 




15 4 

32 10 S 

3 

15 4 

2384 

3 

352 20 

Jul 

22 

17 6 

23 53 W 

3 







350 35 

Jul 

23 




15 3 

27 47 S 

3 

15 3 

2470 

3 

350 20 

Jul 

23 

17 7 

23 17 W 

3 







349 03 

Jul 

24 

66 

22 48 W 

3 







348 03 

Jul 

24 




15 0 

21 49 S 

3 

15 0 

2580 

3 

345 46 

Jul 

25 

67 

22 22 W 

3 







345 08 

Jul 

25 




15 3 

15 25 S 

3 

15 3 

2680 

3 

343 55 

Jul 

26 

64 

22 00 W 

3 







343 15 

Jul 

26 




14 6 

9 08 S 

3 

14 5 

2789 

3 

342 56 

Jul 

26 

17 6 

21 54 W 

3 







341 54 

Jul 

27 

64 

21 38 W 

3 







341 21 

Jul 

27 




14 0 

3 17 S 

3 

14 0 

2870 

3 

340 56 

Jul 

28 

64 

21 10W 

3 




! 



340 46 

Jul 

28 




14 6 

0 59 N 

3 

14 6 

2929 

3 

340 45 

Jul 

28 

17 8 

21 08 W 

3 







340 37 

Jul 

29 

62 

20 52 W 

3 







340 27 

Jul 

29 




14 8 

452 N 

3 

148 

2980 

3 

340 19 

Jul 

29 

17 9 

20 44 W 

3 







339 48 

Jul 

30 

63 

20 44 W 

3 







339 27 

Jul 

30 

* . . 



14 6 

9 04 N 

3 

14 5 * 

3015 

3 

339 20 

Jul 

30 

18 0 

20 42 W 

3 







338 58 

Jul 

31 

71 

20 16 W 

3 







338 40 

Jul 

31 




14 8 

13 37 N 

3 

14 8 

3041 

3 

338 34 

Jul 

31 

18 0 

20 21 W 

3 







337 55 

Aug 

1 




15 3 

17 42 N 

2 

15 3 

3062 

2 

337 52 

Aug 

2 

. 



15 6 

20 10N 

3 

15 8 . 

3065 

3 

337 15 

Aug 

3 

17 7 

19 41 W 

3 







337 46 

Aug 

4 

61 

19 42 W 

3 







337 43 

Aug 

4 

18 3 

19 58 W 

2 







336 04 

Aug 

5 

. . 



15 1 

25 49 N 

3 

151 . 

3032 

3 

334 34 

Aug 

6 

. . . 



15 1 

27 43 N 

3 

151 

3023 

3 

333 06 

Aug 

7 

. . . 



14 6 

31 06 N 

3 

147 

2987 

3 

332 53 

Aug 

7 

175 

19 28 W 

2 

* 







1 From June 24 to July 20 the Carnegie was at Jamestown, St Helena 


Instruments 

Remarks 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 

D4 

El 3,189 59 78 f 

SbyEJE 

o 

22 

ML 

bo 

C1.D4 


SbyEJE 

18 

M 

bo 

D4 

El 3,189 5978f 

SEbyE 

18 

ML 

be 

C1.D4 


SEbyE 

18 

M 

bo 

C1.D4 


SEbyS 

13 

M 

bo 

D4 

El 3,189 5978f 

SEbyE 

8 

ML 

bo 

D4 

El 3,189 59781 

SEbyE 

17 

MR 

ocr 

D4 

El 3,189 5978f 

SEbyE 

15 

M 

ocr 

C1.D4 

. 

EbyS 

16 

M 

bo 

D4 

El 3,189 5978 \ 

SEbyE 

17 

MLR 

bo 

Cl, D4 


EbyS 

16 

M 

bo 

Cl, D4 


SSE 


M 

bo 

D4 

El 3,189 5978f 

SE^E, SEbyE 

10 

M 

be 

D4 

El 3,189 5978f 

SEbyE 

21 

R 

0 

Cl, D4 


SEbyE 

21 

R 

bo 

C1.D4 


NNE 


R 

bo 

D4 

El 3,189 5978f 

N 

36 

R 

bo 

Cl, D4 


N 

36 

R 

bo 

D4 

El 3,189 5978f 

SWbyW.SW 

19 

R 

bo 

Cl, D4 

. . 

NEbyEiE 


R 

bo 

D4 

El 3,189 5978f 

NE 

15 

R 

bo 

Cl, D4 

. 

NE 


M 

bo 

C1,D4 


NNE 

12 

M 

bo 

D4 

El 3,189 5978f 

NE 

12 

ML 

bo 

Cl, D4 

. 

NE 

12 

M 

bo 

D4 

El 3,189 5978f 

NbyW 

4 

M 

0 

Cl, D4 


NNE 

6 

S 

bo 

D4 

El 3,189 5978f 

NNE 

7 

MS 

0 

D4 

El 3,189 59 78 1 

NEbyN 

14 

MS 

bo 

Cl, D4 

. 

NEbyN 

14 

S 

bo 

D4 

El 3,189 5978f 

NNEiE 

7 

MS 

bo 

Cl, D4 

. 

NNE*E 

7 

M 

bo 

D4 

El 3,189 5978f 

NNW 

10 

MS 

bo 

Cl, D4 


NbyW i W 

10 

S 

bo 

D4 

El 3,189 5978f 

NbyWJW 

10 

MS 

bo 

Cl, D4 


NbyW JW 

10 

M 

bo 

D4 

El 3,189 5978f 

NbyWJW 

21 

MS 

bo 

Cl, D4 


NNWfW 


M 

bo 

Cl, D4 


NbyW iW 

10 

M 

be 

D4 

El 3,189 5978f 

NW*N 

10 

M 

bo 

Cl, D4 


NW£N 

10 

M 

be 

D4 

El 3,189 5978f 

NfW 

8 

M 

bo 

Cl, D4 

. 

N*W 

8 

MS 

bo 

D4 

El 3,189 5978 f 

NfW 

12 

MS 

be 

Cl, D4 

. . 

NfW 

12 

M 

bo 

Cl, D4 

. . 

NfW 

12 

M 

bo 

D4 

189 597Sf 

N*W 

13 

MS 

bo 

C1.D4 

. . 

NNE 

12 

M 

bo 

D4 

El 3,189 5978f 

NNE 

12 

MS 

bo 

Cl, D4 

... 

NNE 

12 

S 

bo 

C1.D4 

. 

NNE 

12 

S 

bo 

D4 

El 3,189 5978 1 

NbyWIW 

13 

S 

bo 

Cl, D4 


N 

12 

S 

bo 

Cl, D4 


N 

12 

s 

bo 

D4 

El 3,189 5978f 

N 

12 

SM 

bo 

Cl, D4 

. 

N 

12 

s 

bo 

C1.D4 


N 

6 

s 

be 

D4 

El 3,189 5978t 

N 

6 

MS 

be 

Cl, D4 


N 

6 

s 

bo 

D4 

El 3,189 5978f 

SWtoNNE 

10 

MS 

bo 

D4 

El 3,189 5978 f 

NfW 

7 

MS 

obo 

C1.D4 

. 

NE 


S 

bo 

Cl, D4 

. 

ENE 


S 

bo 

Cl 

. 

WbyN 


s 

bo 

D4 

El 3,189 5978f 

NWbyW 

11 

MS 

bo 

D4 

El 3,189 5978f 

NW 

11 

MS 

bo 

D4 

El 3,189 5978f 

NbyWIW 

7 

M 

bo 

Cl, D4 



NbyWJW 

7 

M 

bo 
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Final Results of Ocean Magnetic Observations, 1909-14 
Cruise II, ATLANTIC OCEAN, 1913— Continued. 


1913 
Aug 8 
Aug 8 
Aug 8 
Aug 9 
Aug 9 
Aug 9 
Aug 10 
Aug 10 
Aug 11 
Aug 11 
Aug 11 
Aug 12 
Aug 12 
Aug 12 
Aug 13 
Aug 13 
Aug 13 
Aug 14 
Aug 14 
Aug 14 
Aug 15 
Aug 15 
Aug 16 
Aug 16 
Aug 16 
Aug 18 
Aug 18 I 
Aug 19 
Aug 19 I 
Aug 20 | 
Aug 20 
Aug 20 
Aug 21 
Aug 21 
Aug 22 
Aug 22 
Aug 23 
Aug 23 


Inclination 

Hor Intensity 

Instruments 

Remarks 


Value IWtl L M T Value Wt 


1955 2 
1967 3 
12014 3 


Cl, D4 
D4 1 
C1,D4 
Cl, D4 
D4 ] 
Cl, D4 
D4 

C1,D4 
Cl, D4 
D4 

Cl, D4 
Cl, D4 
D4 

Cl, D4 
Cl, D4 
D4 

C1,D4 

C1.D4 

D4 

C1,D4 

C1,D4 

D4 

Cl, D4 
D4 

C1,D4 

D4 

Cl, D4 
D4 

C1,D4 

C1,D4 

D4 

C1.D4 

D4 

C1,D4 

D4 

C1,D4 

C1,D4 

D4 

C1.D4 

D4 

C1.D4 
C1.D4 
Cl, D4 
D4 

Cl, D4 
C1.D4 
D4 

Cl, D4 
D4 
D4 
D4 

Cl, D4 
D4 

Cl, D4 
Cl, D4 
D4 

Cl, D4 
D4 

C1.D4 

C1.D4 

D4 

C1.D4 

Cl 

D4 

Cl, D4 
Cl, D4 
D4 


Dip Circle 


NbyWfW 

El 3,189 5978t NNW 

NNWfW 

NbyWfW 

El 3,189 5978 NNW 
NfW 

189 5978t NbyWfW 
NbyWfW 
NNW 

EX 3,189 5978t NNW 
NbyW 
NbyWiW 

El 3,189 5978t NbyWfW 


El 3,189 5978t NbyWfW 
N 
N 

El 3,189 597Sf NbyEfE 
NbyEfE 
NNEfE 

189 5 Swing 

. NbyEfE 

El 3,189 5978f NNE 
NNE 

189 9 Swing 

WfN 

189 5978f ENEfE 
. EfN 
. . NW 

El 3,189 597Sf NWbyW 
NW1W 

El 3,189 5978f NJE 
NNE 

189 597St NNE 
NNE 
NNE 

El 3,189 5978t NNE 
NNE 

189 5978f Becalmed 

SEbyE 
EbyN 
ENE1E 

El 3,189 5978f E 
E 

EJN 

189 5978f E 

E 

El 3,189 5978f EbyS 
El 3,189 5978t ESE 
189 5978t ENE 

ENE 

El 3,189 5978f E 
E 
E 

El 3,189 5978t NE*E 
NE 

El 3,189 5978t EbyS 
. EbyS 
E 

El 3,189 5978t EbyS 
SE 

SEbyE 

El 3,189 5975t SEbyE IE 
SE 

NNW 

El 3,189 5978t NW 


189 597St 


189 5978t 


El 3,189 5975f 


189 5978f 


El 3,189 5975f 


8 M 
10 M 
12 M 
12 M 
15 B. 

14 M 
12 R 
12 R 
8 M 
8 MR 
8 M 
8 M 
8 M 
6 M 


13 MS 

12 S 
16 MR 

M 

M 

13 R 
M 

8 MS 
8 M 
7 M 
6 MS 
4 S 
4 S 
4 MS 

4 S 

5 S 

6 MS 


3 
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Ocean Magnetic Observations, 1905-16 
Cerise II, ATLANTIC OCEAN, 1913 — Continued . 


Station ] 

Latitude 

Long 
East 
of Gr 

■ 

— 

Inclination 

Hor Intensity 

Instruments 

Remarks 


EEBI 

Value 1 

tvt 

L M T 

Value 

Wt 

L M T 

Value 1 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 


O ! 

0 t 

ms 

h h 

o / 


h h 

0 / 


h h 

eg s 





0 



136SCI1 

49 05 N 

351 05 

Sep 9 




14 9 

66 10N 

3 

14 9 

1896 

3 

D4 

El 3,189 5975t 

EfN 

6 

MS 

bco 

1369CII 

49 32 N 

352 45 

Sep 10 

r 



14 7 

66 07 N 

2 

14 7 

1900 

2 

D4 

189 597St 

NbyW*W 

20 

MR 

be 

1370CII 

49 36 N 

352 28 

Sep 10 

17 9 

18 15 W 

3 







C1.D4 


NNWfW 


S 

bo 

1371CII 1 

49 43 N 

353 17 

Sep 11 




148 

66 19 N 

3 

14 8 

1882 

3 

D4 

El 3,189 59751 

EbyS 

5 

MS 

ber 

1372CII* 

50 06 N 

354 59 

Oct 4 




14 1 to 17 6 

66 18 N 

3 

14 1 to 17 6 

1884 

3 

D4 

189 575 

Swing 

0 

MS 

be 


(Off Falmouth) 

Oct 6 




15 5 

66 19 N 

3 





189 5 

s,sw 

0 

S 

be 




Oct 6 

15 9 to 16 2 

17 10W 

3 







C1.D4 


Swing 


M 

bo 

1373CXI 

49 54 N 

354 49 

Oct 15 

16 5 

17 08 W 

3 







C1.D4 


SWbyWJW 

3 

S 

bo 

1374CII 

49 22 N 

353 56 

Oct 16 

66 

17 19 W 

3 







C1.D4 


SWbyWIW 

3 

S 

be 

1375CII 

48 54 N 

352 45 

Oct 16 




15 0 

65 22 N 

3 

15 0 

1934 

3 

D4 

189 597St 

WSWfW 

3 

MS 

bf 

1376CII 

47 14 N 

347 11 

Oct 18 




14 6 

64 59 N 

2 

14 6 

1977 

2 

D4 

189 597Sf 

SWJWtoWbyS 

11 

R 

ocr 

1377CII 

45 02 N 

349 32 

Oct 20 




15 6 

63 26 N 

2 

15 6 

2054 

2 

D4 

El 3,189 5975 j* 

SSE§EtoSWfS 

17 

R 

erb 

1378CII 

44 07 N 

349 08 

Oct 21 

72 

17 29 W 

2 







C1.D4 


SW 

21 

R 

bo 

1379CII 

43 34 N 

348 44 

Oct 21 




14 8 

62 53 N 

2 

14 8 

2110 

2 

D4 

189 59751 

WSW,SWbyW 

21 

R 

be 

1380CII 

43 24N 

348 35 

Oct 21 

16 5 

17 46 W 

2 







C1.D4 


SWbyWfW 

21 

R 

bo 

1381CII 

42 13 N 

347 29 

Oct 23 


, 


14 8 

61 08 N 

2 

14 8 

2182 

2 

D4 

El 3,189 5975f 

WSW 

12 

M 

be 

1382CII 

41 02 N 

345 30 

Oct 24 

79 

18 35 W 

2 







C1.D4 


WSW 


L 

be 

1383CII 

40 59 N 

345 22 

Oct 24 

16 5 

18 32 W 

3 







C1.D4 


NNW 


S 

be 

13S4CII 

41 16 N 

345 04 

Oct 25 

67 

19 18 W 

3 







C1.D4 


NNW 


S 

bo 

1385CII 

41 42 N 

344 13 

Oct 25 


. 


14 9 

61 17 N 

3 

14 9 

2183 

3 

D4 

El 3,189 5975t 

NW 

11 

M 

beq 

1386CII 

42 08 N i 

343 02 

Oct 26 




14 0 

62 02 N 

2 

14 0 

2147 

2 

D4 

189 5975f 

ssw 

15 

MR 

be 

1387CII 

42 05 N 

343 03 

Oct 26 

16 6 

19 59 W 

3 







Cl, D4 


WbyS 


M 

bo 

1388CII 

38 18 N 

343 58 

Oct 30 




14 7 

58 40 N 

3 

14 7 

2308 

3 

D4 

189 5975f 

S 

16 

M 

bo 

1389CII 

38 12 N 

344 00 

Oct 30 

16 5 

18 13 W 

2 







Cl, D4 


SbyW 


S 

bo 

1390CII 

37 41 N 

343 20 

Oct 31 




14 6 

58 17 N 

3 

14 6 

2312 

3 

D4 

El 3,189 5975f 

WbyN 

9 

M 

be 

1391CII 

37 20 N 

341 46 

Nov 1 

16 5 

18 47 W 

3 







Cl, D4 


WbyS 

5 

S 

bo 

1392CII 

37 04 N 

341 40 

Nov 1 




14 3 

57 53 N 

3 

14 3 

2349 

3 

D4 

El 3,18§ 59751* 

SSW,SbyW*W 

5 

s 

be 

1393CII 

37 02 N 

341 42 

Nov 1 

16 5 

18 47 W 

3 







Cl, D4 


NbyWpV 


s 

bo 

1394CII 

38 04 N 

340 57 

Nov 2 




14 4 

59 32 N 

3 

14 3 

2268 

3 

D4 

189 597<Sf 

NWbyN 

4 

SL 

be 

1395CII 

39 48 N 

339 13 

Nov 3 




14 6 

60 52 N 

2 

14 6 

2224 

2 

D4 

El 3,189 59751* 

NNW 

6 

M 

bom 

1396CI1 

39 09 N 

337 23 

Nov 5 

81 

20 40 W 

1 







D4 


SWbyW 


S 

bo 

1397CII 

38 40 N 

336 51 

Nov 5 




148 

60 34 N 

2 

14 8 

2235 

2 

D4 

El 3,189 5975t 

WSW 

12 

ML 

bo 

1398CII 

38 36 N 

336 43 

Nov 5 

16 4 

20 59 W 

3 







C1.D4 


WSW 


L 

bo 

1399CII 

38 14 N 

336 07 

Nov 6 




14 4 

60 20 N 

2 

14 4 

2233 

2 

D4 

El 3,189 5975f 

w 

4 

M 

bo 

1400CII 

38 12 N 

335 46 

Nov 6 

16 6 

21 12 W 

3 







Cl, D4 


WbyN 


M 

bo 

1401CII 

38 49 N 

333 56 

Nov 7 




14 5 

61 12 N 

3 

14 5 

2207 

3 

D4 

189 59751* 

SW*WtoSW*W 

13 

M 

ocr 

1402CII 

39 30 N 

334 38 

Nov 10 




14 3 

61 55 N 

1 

14 3 

2185 

1 

D4 

189 5975f 

SWbyS 

22 ! 

R 

boo 

1403CII 

39 13 N 

334 32 

Nov 10 

16 4 

21 50 W 

2 







Cl, D4 


SW*S 

22 

R 

bo 

1404CII 

37 09 N 

332 33 

Nov 11 




14 2 

60 28 N 

1 

14 2 

2251 

1 

D4 

189 5975f 

W 

18 

R 

beq 

1405CII 

37 01 N 

332 16 

Nov 11 

16 6 

21 34 W 

2 







Cl, D4 


WbySiS 


M 

be 

1406CII 

35 42 N 

328 23 

Nov 12 




14 8 

60 08 N 

3 

14 8 

2286 

3 

D4 

El 3,189 5975t 

WbyN 

8 

MRL 

bo 

1407CII 

35 40 N 

328 03 

Nov 12 

16 7 

23 41 W 

2 







Cl, D4 


NNW 


M 

be 

1408CII 

35 34 N 

324 54 

Nov 13 




14 4 

61 07 N 

3 

14 3 

2265 

3 

D4 

El 3,189 5975*1* 

WNW 

15 

ML 

0 

1409CII 

35 29 N 

322 27 

Nov 14 




14 7 

61 44 N 

3 

14 7 

2244 

3 

D4 

El 3,189 5975*1* 

NWbyW&W 

8 

MS 

oo 

1410CII 

35 29 N 

322 15 

Nov 14 

16 7 

22 41 W 

' 3 







Cl, D4 


WNWJW 

8 

S 

be 

1411CII 

35 39 N 

320 01 

Nov 15 




14 8 

62 40 N 

3 

14 7 

2200 

3 

D4 

El 3,189 59751* 

NWbyW$W 

5 

MS 

bo 

X412CII 

36 09 N 

317 15 

Nov 16 

70 

22 46 W 

’ 3 







Cl, D4 


NbyWfW 


R 

be 

1413CII 

35 59 N 

313 56 

Nov 17 




14 8 

64 25 N 

2 

14 9 

2155 

2 

D4 

El 3,189 5975f 

WNW | W 

30 

MR 

ocr 

1414CII 

35 59 N 

311 22 

Nov 18 

73 

21 11 W 

r 3 







Cl, D4 


NNW 


M 

bo 

1415CII 

36 24 N 

310 43 

Nov 18 




14 3 

65 42 N 

3 

14 3 

2100 

3 

D4 

El 3,189 5975t 

NWbyN 

7 

SL 

bo 

1416CII 

36 26 N 

310 40 

Nov 18 

15 6 

21 37 W 

r 2 







Cl, D4 


NWbyN 

7 

s 

bo 

1417CII 

36 34 N 

310 05 

Nov 19 

70 

21 18 W 

r 3 







C1.D4 


WbyS 

5 

s 

bo 

1418CII 

37 01 N 

308 46 

Nov 20 




14 4 

66 35 N 

3 

14 5 

2073 

3 

D4 

El 3,189 59 75 1 

SSW 

5 

MS 

be 

1419CII 

36 54 N 

308 44 

Nov 20 

16 6 

20 59 VP 

r 3 







Cl, D4 


SWbyW 

5 

s 

bo 

1420CII 

36 00 N 

308 45 

Nov 21 

73 

20 13 W 

r 2 







Cl, D4 


SWbyS 

5 

s 

be 

1421CII 

35 34 N 

308 33 

Nov 21 




14 5 

66 02 N 

3 

14 5 

2106 

3 

D4 

El 3,189 5975f 

SSW 

5 

MS 

bo 

1422CII 

35 27 N 

308 31 

Nov 21 

16 4 

19 33 VP 

r 3 







Cl, D4 


SWiS 


s 

bo 

1423CII 

34 17 N 

307 12 

Nov 22 




14 4 

65 01 N 

2 

14 4 

2176 

2 

D4 

El 3,189 5975f 

WbyN 

19 

RL 

bo 

1424CII 

3403 N 

304 35 

Nov 23 

69 

17 23 VP 

r 2 







Cl,D4 


WNWJW 

16 

S 

bo 

1425CII 

34 02 N 

303 42 

Nov 23 




14 3 

65 15 N 

3 

14 3 

2179 

3 

D4 

189 5975t 

WNW 

15 

MS 

bo 

1426CII 

34 04 N 

302 19 

Nov 24 

70 

15 52 VP 

r 3 







C1.D4 


WNW£W 

16 

s 

bo 

1427CII 

3444 N 

301 35 

Nov 26 




14 6 

65 59 N 

2 

14 6 

2165 

2 

D4 

El 3,189 5975f 

W,WbyN 

18 

M 

beq 

1428CII 

34 06 N 

301 13 

Nov 27 

69 

15 18 VP 

' 2 







Cl, D4 


SSW 


M 

bo 

1429CII 

33 27 N 

301 11 

Nov 27 




14 6 

65 15 N 

2 

14 6 

2200 

2 

D4 

El 3,189 5975f 

SWbyS 

25 

M 

beq 

1430CII 

33 22 N 

298 53 

Nov 28 




14 6 

65 39 N 

3 

14 6 

2191 

3 

D4 

El 3,189 59751* 

WNW 

8 

M 

be 

1431CII 

33 22 N 

298 38 

Nov 28 

16 3 

13 26 W 

’ 2 







C1,D4 


WNW 

8 

M 

bo 

1432CII 

34 38 N 

295 37 

Nov 29 




14 6 

66 35 N 

3 

14 5 

2166 

3 

D4 

EI 3,189 5975f 

NWbyN 

20 

MRL 

bo 

1433CII 

36 11 N 

292 08 

Dec 2 

73 

10 SOW 

' 3 







Cl, D4 


WNWfW 

7 

M 

be 


fSlight looal disturbance, not safe to determine secular changes by comparison with values at station 42CI, page 261 
l From September 12 to October 15 the Carnegie was at Falmouth, England 










Final Results op Ocean Magnetic Observations, 1909-14 
Cruise II, ATLANTIC OCEAN, 1913— Concluded. 


285 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

L M T 

Value 

Wt 


0 / 

0 t 

1913 

h h 

o t 


1434CII 

36 30 N 

291 12 

Deo 2 




1435CII 

36 45 N 

289 18 

Deo 3 




1436CII 

37 32 N 

290 48 

Deo 4 

7 5 

10 52 W 

2 

1437CII 

37 47 N 

291 37 

Deo 4 




1438CII 

37 13 N 

293 59 

Deo 6 




1439CII 

37 18 N 

293 28 

Deo 7 

74 

12 47 W 

3 

1440CII 

37 51 N 

292 23 

Deo 7 




1441CII 

39 20 N 

291 56 

Deo 9 




1442CII 

38 59 N 

291 05 

Deo 10 

73 . 

12 23 W 

3 

1443CII 

39 14 N 

290 38 

Deo 10 




1444CII 

40 38 N 

289 59 

Deo 11 




1445CII 

40 13 N 

288 37 

Deo 12 

74 

11 44 W 

3 

1446CII 

41 10N 

288 22 

Deo 12 

161 

12 13 W 

3 

1447CII 

41 06 N 

287 47 

Deo 15 

15 0 to 16 3 

11 49 W 

3 


(Gardiners Bay) 

Deo 16 

. 



1448CII 

41 12 N 

287 12 

Dec 19 





Inclination 

Hor Intensity 

Instruments 

Remarks 

L M T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 

h h 

o / 


h h 

eg 8 





o 



14 8 

68 27 N 

3 

14 7 

2074 

3 

D4 

El 3,189 5975f 

NW 

7 

LM 

bo 

14.9 

68 54 N 

2 

14 9 

2054 

2 

D4 

El 3,189 59751 

NE.NEbyE 

10 

M 

bo 







C1.D4 


NEiE 

10 

M 

bo 

14 8 

69 56 N 

2 

14 8 

1957 

2 

D4 

189 59 75 1 

NEbyE 

26 

R 

obo 

14 2 

69 05 N 

2 

14 2 

2005 

2 

D4 

189 5975t 

NElEtoENE 

12 


obc 







Cl, D4 


NWbyWiW 


S 

bo 

14 3 

69 30 N 

3 

14 3 

1988 

3 

D4 

El 3,189 5975f 

NW 

10 

MR 

00 

14.6 . 

71 24 N 

2 

14 6 

1871 

2 

D4 

189 5975t 

W 

19 

R 

bo 







Cl, D4 


sw 

11 

S 

bo 

15 0 

70 51 N 

3 

15 0 

1900 

3 

D4 

El 3,189 5975f 

NNW.NbyW 

11 

S 

bo 

14 9 

71 43 N 

3 

14 9 

1819 

3 

D4 

189 597Sf 

W.WbyS 

9 

M 

bo 







C1.D4 


wsw 

9 

M 

bo 







Cl, D4 


NfW 

0 

S 

bo 







C1.D4 


Swing 

0 

s 

be 

12 3 to 16 3 

72 08 N 

3 

12 4 to 16 3 

1807 

3 

D4 

189 575 

Swing 

0 

s 

be 

13 8 

72 41 N 

3 

13 8 

1746 

3 

D4 

189 597St 

W 

0 

s 

bo 


Cruise III, ATLANTIC OCEAN, 1914. 


ocm 

1CIII 

2CIII 

3CIII 

4CIII 

5CIII 

6CIII 

7CXII 

8CIII 

9CIII 

10CIIX 

11CIII 

12CIII 

13CIII 

14CIII 

15CIII 

16CIII 

17CIII 

18CIII 

19CIII 

20CIII 

21CIII 

22CIII 

23CIII 

24CIII 

25CIII 

26CIII 

27CIII 

28C1II 

29CIII 

30CIII 

31CIII 

32CIII 

33CIII 

34CIII 

35CIII 

36CIII 

37CIII 

38CIII 

39CXII 

40CIII 

41CIII 


44CIII 

45CIII 

46CIII 

47CIII 

48CIII 

49CIII 

50CIII 


o / 

0 / 

1014 

h h 

o / 


h 

41 12 N 

288 10 

Jun 10 




98 

41 05 N 

288 31 

Jun 10 




117 

40 44 N 

289 55 

Jun 10 

18 5 

12 55 W 

3 


40 35 N 

291 27 

Jun 11 

50 

14 38 W 

3 

15 3 

40 33 N 

292 35 

Jun 11 




40 32 N 

292 51 

Jun 11 

18 2 

15 28 W 

3 


40 26 N 

294 21 

Jun 12 

53 

16 37 W 

3 

14 8 

40 19 N 

295 49 

Jun 12 




40 14 N 

296 36 

Jun 12 

18 4 

17 44 W 

3 


40 03 N 

299 19 

Jun 13 

76 

19 06 W 

2 

14 8 

40 04 N 

300 46 

Jun 13 




40 09 N 

304 19 

Jun 14 

74 

22 11 W 

2 


40 09 N 

305 20 

Jun 14 




14 9 

39 22 N 

307 36 

Jun 15 




14 5 

39 22 N 

308 09 

Jun 15 

17 6 

22 49 W 

1 


39 20 N 

308 12 

Jun 15 

181 

22 49 W 

3 


40 07 N 

309 34 

Jun 16 

62 

23 36 W 

3 

15 6 

41 08 N 

311 09 

Jun 16 




41 23 N 

311 28 

Jun 16 

18 2 

25 37 W 

3 


43 12 N 

313 54 

Jun 17 




15 6 

44 39 N 

315 42 

Jun 18 

74 

28 16 W 

1 


45 26 N 

317 16 

Jun 18 




14 6 

45 43 N 

318 25 

Jun 18 

19 3 

28 45 W 

3 


46 08 N 

321 48 

Jun 19 ! 




151 

46 10N 

322 18 

Jun 19 

19 0 

28 42 W 

3 


46 20 N 

323 32 

Jun 20 

64 

29 11 W 

1 


46 31 N 

324 49 

Jun 20 




14 4 

48 38 N 

329 04 

Jun 21 




14 4 

49 00 N 

329 28 

Jun 21 

17 5 

27 58 W 

1 


50 19 N 

331 07 

Jun 22 

81 

28 22 W 

2 

15 0 

50 57 N 

331 59 

Jun 22 

, 



52 32 N 

334 24 

Jun 23 

84 

28 13 W 

2 


53 01 N 

335 11 

Jun 23 

, 



14 6 

55 11 N 

338 44 

Jun 24 




14 7 

55 24 N 

339 09 

Jun 24 

17 2 

27 02 W 

2 


55 28 N 

339 15 

Jun 24 

17 8 

27 36 W 

3 


55 38 N 

339 29 

Jun 24 

19 4 

26 56 W 

3 


56 48 N 

341 32 

Jun 25 

77 

27 30 W 

2 


57 31 N 

342 50 

Jun 25 




15 2 

57 48 N 

343 19 

Jun 25 

17 5 

26 25 W 

3 


58 00 N 

343 40 

Jun 25 

19 2 

26 25 "W 

3 


60 05 N 

347 29 

Jun 26 

, 



14 7 

60 22 N 

348 02 

Jun 26 

18 0 

224 26 V? 

r 1 


61 36 N 

350 49 

Jun 27 

60 

23 25 VP 

r 3 


62 32 N 

353 06 

Jun 27 




15 2 

62 46 N 

353 52 

Jun 27 

17 5 

22 06 V 

r 3 


64 03 N 

358 30 

Jun 28 

86 

19 39 V 

r 2 


6448 N 

014 

Jun 28 




14 8 

67 11 N 

611 

Jun 29 




14 7 

67 33 N 

7 41 

Jun 30 

7.1 

13 01 V 

r 3 



71 39 N 

71 05 N 


72 19 N 
72 02 N 


70 22 N 


69 35 N 
68 05 N 


68 42 N 

69 36 N 
69 55 N 
69 36 N 


117 


15 3 

14 9 


14 8 


14 9 
14 5 


15 7 
15 6 
14 7 
151 


68 56 N 3 

69 26 N 2 


70 23 N 


70 40 N 

71 55 N 


72 13 N 

72 48 N 

74 04 N 


74 43 N 

75 28 N 


14 4 
144 


14 8 


14 6 
14 7 


15 2 

14 7 

15 2 


14 8 
14 7 


eg 8 


] 

1802 

3 

D4 

Cl, D4 
Cl, D4 

1820 

3 

D4 ] 

Cl, D4 
Cl, D4 

1846 

3 

D4 I 

Cl, D4 
D4 

1870 

2 

D4 1 



D4 

1889 

2 

D4 1 

1986 

2 

D4 

D4 

C1,D4 
Cl, D4 

1939 

2 

D4 

Cl, D4 

1836 

2 

D4 



D4 

1794 

2 

D4 

Cl, D4 

1800 

2 

D4 

Cl, D4 
C1,D4 

1822 

3 

D4 

1778 

2 

D4 



D4 



D4 

1706 

3 

D4 



D4 

1651 

3 

D4 

1564 

3 

D4 

C1.D4 

Cl 

C1,D4 

D4 

1528 

2 

D4 

C1.D4 

C1.D4 

1475 

3 

D4 

Cl 

C1.D4 

1370 

3 

D4 

C1,D4 

D4 

1329 

2 

D4 

1278 

3 

D4 

C1,D4 


El 3,189 567Sf 


El 3,189 567&'t 


El 3,189 5G7St 
El 3,189 5675 f 


El 3,189 5675 f 


189 5675 f 
El 3,189 5675 1 


El 3,189 5675t 

El 3,189 5675t 
El 3,189 5675t 


El 3,189 5675t 
El 3,189 5675f 


SEbyE 

SEbyE 

SE 

SE 

ESE 

SE 

SE 

ESE 

SE 

SE 

ESE 

ESE 

SEbyS 

ESE 

SE 

SE 

ENE 

ENE 

ENE 

EbyN 

ENE 

E 

E 

ESE 

EbyS 

SEbyE 

EbyS 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

ENE 

EbyN 

EbyN 

ENE 

ENE 

NEbyE 

ENE 


S 

s 

M 

M 

LR 

M 

M 

L 

M 

M 

M 

R 

M 

M 

M 

M 

M 

LR 

LR 

MR 

M 

MCR 

M 

MR 

M 

M 

M 

CR 

M 

M 

MS 

S 

M 

MS 

M 

M 

M 

M 

MR 

M 

M 

MR 

M 

MR 

M 

M 

R 

LR 

M 


10 S 


bo 

bo 

bo 

bo 

bo 


bo 

bo 

bo 

bo 

bo 

bo 

be 

or 

bo 

bo 

bo 

bo 

oo 

qr 

be 

be 


station 43CIII omitted. 


*One set only 
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Ocean Magnetic Observations, 1905-16 
Cruise III, ATLANTIC OCEAN, 1QI±— Continued. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

L M T 

Value 

wt 


0 / 

o t 

1914 

h h 

o / 


51CIII 

68 01 N 

8 25 

Jun 30 




52CIII 

70 27 N 

15 02 

Jul 1 




53CIII 

70 36 N 

21 19 

Jul 2 

181 

2 46 W 

2 

53aCIII ] 

70 40 N 

23 41 

Jul 3 

201 

123 W 

2 

53bCIII 

7042 N 

23 30 

Jul 15 

21 2 to 22 1 

134 W 

3 


(Off Hammerfest) 

Jul 15 

21 2 to 24 7 

131 W 

3 

53oCIIl 

70 42 N 

23 28 

Jul 18 




53dCIII 

70 43 N 

23 30 

Jul 25 

16 9 to 19 8 

133 W 

3 

54CIII 

72 26 N 

20 20 

Jul 26 




55CIII 

73 29 N 

16 02 

Jul 27 




56CIII 

73 28 N 

16 04 

Jul 28 

70 

7 06 W 

3 

S7CIII 

73 44N 

16 01 

Jul 28 

22 6 

7 10 W 

3 

58CIII 

73 56 N 

16 04 

Jul 29 




59CIII 

74 28 N 

16 44 

Jul 30 

28 

6 35 W 

3 

60CIII 

74 32 N 

16 53 

Jul 30 




61CIII 

75 07 N 

16 16 

Jul 31 

91 

7 46 W 

3 

62CIII 

75 28 N 

16 02 

Jul 31 




63CIII 

76 10N 

15 15 

Aug 1 

50 

8 37 W 

3 

64CIII 

77 05 N 

12 45 

Aug 1 




65CIII 

77 17 N 

12 13 

Aug 1 

17 5 

12 01 W 

3 

66CIII 

78 06 N 

9 11 

Aug 2 

69 

14 28 W 

3 

67CIII 

78 38 N 

8 42 

Aug 2 




68CIII 

79 45 N 

8 41 

Aug 3 




69CIII 

79 28 N 

10 23 

Aug 4 

61 

14 20 W 

3 

70CIII 

79 13 N 

10 29 

Aug 4 

20 6 

14 25 W 

2 

71CIII 

79 04 N 

10 31 

Aug 5 




72CIII 

78 50 N 

8 50 

Aug 5 

20 2 

16 15 W 

3 

73CIII 

78 12 N 

6 55 

Aug 6 




74CIII 

77 11 N 

4 53 

Aug 7 




75CIII 

76 53 N 

4 01 

Aug 8 

72 

18 32 W 

3 

76CIII 

76 15 N 

2 48 

Aug 8 




77CIII 

74 31 N 

359 45 

Aug 9 




78CIII 

71 53 N 

356 28 

Aug 10 




79CIII 

71 02 N 

355 04 

Aug 11 




80CIII 

69 33 N 

353 35 

Aug 12 

68 

24 44 W 

3 

81CIII 

68 52 N 

353 07 

Aug 12 




82CIII 

68 38 N 

352 58 

Aug 12 

17 8 

23 53 W 

3 

83CIII 

67 25 N 

352 49 

Aug 13 

6,1 

24 36 W 

2 

84CIII 

66 42 N 

353 53 

Aug 13 




85CIII 

66 29 N 

354 18 

Aug 13 

17 3 

23 31 W 

3 

86CIII 

66 36 N 

353 42 

Aug 14 




87CIII 

65 38 N 

355 02 

Aug 15 




88CIII 

66 21 N 

352 38 

Aug 16 

69 . 

23 18 W 

3 

89CIII 

65 37 N 

353 25 

Aug 16 




90CIII 

64 55 N 

353 34 

Aug 17 




91CIII 

65 22 N 

351 48 

Aug 17 

23 3 

24 19 W 

2 

92CIII 

65 13 N 

351 16 

Aug 18 

99 

24 28 W 

2 

93CIII 

64 52 N 

35122 

Aug 18 




94CIII 

64 34 N 

351 18 

Aug 18 

18 4 

24 34 W 

3 

95CIII 

64 10N 

35103 

Aug 19 




96CIII 

63 56 N 

348 35 

Aug 20 

141 

27 15 W 

3 

97CIII 

63 56 N 

348 31 

Aug 20 




98CIII 

63 30 N 

346 08 

Aug 21 

66 

27 37 W 

3 

99CIII 

63 25 N 

345 34 

Aug 21 

10 4 

27 37 W 

3 

100CIII 

63 19 N 

344 56 

Aug 21 




101CIII 

63 17 N 

344 39 

Aug 21 

16 8 

28 55 W 

3 

102CIII 

63 05 N 

340 18 

Aug 22 




103CIII* 

63 39 N 

337 06 

Aug 23 

66 

33 26 W 

3 

104CIII* 

63 48N 

337 11 

Aug 23 




105CIII* 

63 55 N 

336 56 

Aug 23 

16 8 . 

35 09 W 

3 

106CIII* 

64 01 N 

337 10 

Aug 23 

19 6 

33 53 W 

3 

106aCI2I* 

64 09 N 

338 04 

Sep 1 

17 5 

36 53 W 

2 

107CIII ? 

62 31 N 

332 50 

Sep 14 




108CIII 

61 00 N 

329 50 

Sep 15 

64 

36 44 W 

3 

109CIII 

60 20 N 

328 25 

Sep 15 




110CIII 

60 09 N 

327 56 

Sep 15 

16 2 . 

3711 W 

3 

111CIII 

58 45 N 

324 16 

Sep 16 

68 . 

38 16 W 

3 

112CIII 

58 20 N 

322 51 

Sep 16 

* 




Inclination 


“Local disturbance 


L M T 

Value 

Wt 

L M T 

Value 

h h 

0 / 


h h 

CQS 

14 8 

75 38 N 

3 

14 8 

1262 

15 8 

76 46 N 

1 

15 8 

1174 

7 9 to 19 0 

77 01 N 

3 

7 9 to 19 0 

1167 

15 2 

77 55 N 

3 

15 2 

1104 

151 

78 UN 

3 

15 1 

1074 

14 8 

78 30 N 

3 

14 8 

1045 

15 0 

78 32 N 

3 

15 0 

1049 

14 7 

79 07 N 

3 

14 7 

1005 

15 8 

80 01 N 

2 

15 9 

0926 

14 4 

80 38 N 

2 

14 4 

0874 

15 2 

81 20 N 

2 

15 2 

0821 

151 

80 53 N 

2 

15 1 

0857 

19 4 

SO 43 N 

2 

19 4 

0874 

7 2 to 13 5 

80 01 N 

3 

7 2 to 13 5 

0924 

14 9 

79 43 N 

3 

15 0 

0953 

14 6 

78 57 N 

2 

14 5 

1014 

14 6 

77 59 N 

2 

14 7 

1101 

14 4 

77 49 N 

2 

14 4 

1094 

14 9 

76 54 N 

2 

15 0 

1177 

14 6 

75 53 N 

2 

14 6 

1251 

14 6 

75 52 N 

2 

14 7 

1253 

14 2 

75 10N 

3 

14 2 

1308 

14 4 

75 11 N 

2 

14 4 

1299 

14 3 

74 56 N 

3 

14 3 

1312 

14 3 

74 57 N 

2 

14 3 

1329 

14 9 

7443 N 

3 

14 9 

1326 

14 7 

74 52 N 

3 

14 7 

1346 

14 6 

74 46 N 

3 

14 6 

1337 

15 0 

75 13 N 

2 

15 0 

1314 

14 3 .* 

76 09 N 

2 

14 4 

1252 

14 5 

75 34 N 

2 

14 6 

1306 

14 4 

75 31 N 

2 

14 5 

1313 

14 4 

75 24 N 

2 

14 3 

1354 


Hor Intensity 


Instruments 


Com- 


D4 
D4 
C1.D4 
Cl 
D4 
Cl 
D4 
C1.D4 
D4 
D4 
Cl 
Cl, D4 
D4 

Cl, D4 
D4 

Cl, D4 
D4 

Cl, D4 
D4 

Cl, D4 
Cl, D4 
D4 
D4 

Cl, D4 

Cl, D4 

D4 

Cl 

D4 

D4 

C1.D4 

D4 

D4 

D4 

D4 

C1.D4 

D4 

Cl 

Cl 

D4 

Cl 

D4 

D4 

Cl 

D4 

D4 

Cl 

Cl 

D4 

C1.D4 

D4 

D4 

D4 

Cl, D4 

D4 

D4 

Cl, D4 
D4 

Cl, D4 
D4 

Cl, D4 
Cl, D4 
Cl 
D4 

Cl, D4 
D4 

C1.D4 
Cl, D4 
D4 


Remarks 


Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 

El 3,189 5678 1 

NEbyN 

o 

9 

MS 

c 

El 3,189 5678 f 

E 

20 

R 

cqr 


SEbyE 


M 

be 


At anchor 


S 

b 


N,NW,W,SW,S 


S 

b 


Swing 


S 

b 

189 5678 

Swing 


s 

0 


Swing 


s 

b 

El 3,189 5678| 

NWbyW 

10 

MS 

CO 

El 3,189 5678t 

Becalmed 

0 

S 

CO 


N 

0 

s 

bo 

. 

N 

0 

s 

bo 

El 3,189 5678f 

NtoNNE 

1 

s 

c 

- 

SE 

2 

s 

be 

El 3,189 5678 1 

NbyW 

2 

s 

CO 


NbyW 

4 

s 

bo 

El 3,189 5678f 

NbyW 

5 

s 

bco 


NWbyW 

10 

s 

bo 

El 3,189 5678f 

NNW 

15 

MR 

bco 

. 

NNW 

11 

s 

bo 


NWbyN 

11 

s 

bo 

189 5678f 

NbyE 

7 

MS 

0 

El 3,189 5678 1 

SE 

18 

HR 

coq 


SWbyW 

14 

M 

bo 

. 

WbyS 

12 

R 

bo 

189 5678f 

SWbyW 

9 

MLR 

com 


SWbyW 

6 

M 

bo 

189 5678f 

S 

3 

M 

cf 

189 78 

Swing 

4 

MS 

CO 

. . 

SW 

5 

S 

bo 

El 3,189 5678f 

sw 

6 

S 

bco 

El 3,189 5678f 

SW 

16 

MLR 

c 

El 3,189 5678f 

sw 

10 

MS 

CO 

El 3,189 56781* 

sw 

18 

MS 

0 


sw 

18 

M 

bo 

El 3,189 56781* 

sw 

17 

MLS 

o 


sw 

13 

M 

bo 


SbyW 

13 

8 

be 

El 3,189 5678t 

SbyE 

9 

MS 

CO 


S 

8 

S 

bo 

El 3,189 5678f 

SbyE 

8 

M 

CO 

El 3,189 5678f 

NbyW 

8 

MS 

bco 


S 

7 

M 

0 

El 3,189 5678 1 

SbyW 

6 

M 

bco 

El 3,189 5678f 

NNW about 

6 

S 

CO 


NW 

6 

M 

be 


ssw 

6 

M 

f 

El 3,189 5678 1 

SWbyS 

5 

MS 

bof 

. 

SWbyS 

5 

S 

bo 

189 5678 f 

WbyN 

5 

s 

bo 


WbyN 

6 

s 

bo 

El 3,189 5678 f 

W 

8 

MS 

bco 


WbyN 

8 

s 

bo 


W 

8 

s 

bo 

El 3,189 5678 f 

W 

8 

s 

bo 

. 

W 

13 

s 

bo 

189 5678f 

NW 

18 

MLR 

oqr 

. 

SE 

12 

R 

be 

189 5678f 

NWtoNbyW 

7 

M 

be 


EbyN 

15 

M 

be 


NNE 

14 

M 

be 


At anchor 


L 

be 

El 3,189 5678f 

WbyS 

14 

LR 

0 


W 

13 

M 

bo 

El 3,189 5678t 

W 

12 

R 

bco 

- 

W 

21 

R 

bo 

- - 

W 

14 

R 

bo 

El 3,189 5678f 

NWbyW 

15 

MR 

bo 


•From July 3 to July 25 the Corner was at Hammerieat. Norway ’From August 24 to September 13 the Carnegie was at ReykjavJc Iceland 






Final Results of Ocean Magnetic Observations, 1909-14 287 


Cruise III, ATLANTIC OCEAN, 1914— Concluded. 


Station 

Latitude 

Long 
East 
of Gr 

Ml 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Remarks 

juaxe 

L M T 

Value " 

Wt 

L M 

T 

Value 

Wt 

L M T 

Value 

Wt 

Com- 

pass 

Dip Circle 

Course 

Roll 

Sea 

Wea- 

ther 


o / 

0 / 

1914 

h h 

o / 


h 

h 

o / 


h h 

eg 8 





o 



113CIII 

58 18 N 

322 09 

Sep 16 

171 

38 10W 

3 








C1.D4 


NW 

13 

R 

be 

114CIII 

58 12 N 

319 48 

Sep 17 

92 

38 46 W 

3 








Cl, D4 


NW 

8 

M 

be 

115CIII 

58 11 N 

319 02 

Sep 17 




14 3 


76 05 N 

3 

14 3 

1306 

3 

D4 

El 3,189 5678! 

NWbyW 

8 

MR 

CO 

116CIII 

58 ION 

318 44 

Sep 17 

15 8 

39 22 W 

3 








C1.D4 


NW 

8 

M 

be 

117CIII 

58 08 N 

316 22 

Sep 18 

59 

39 34 W 

3 








Cl, D4 


NNW 

10 

M 

b 

118CIII 

58 03 N 

314 59 

Sep 18 




14 2 


76 52 N 

3 

14 2 

1260 

3 

D4 

El 3,189 5678 1 

NW 

11 

MS 

b 

119CIII 

58 09 N 

309 54 

Sep 19 




14 4 

. 

77 40 N 

2 

14 4 

1202 

2 

D4 

El 3,189 5678 1 

NbyW 

10 

MR 

CO 

120CIII 

58 17 N 

309 35 

Sep 19 

16 2 

43 04 W 

3 








Cl, D4 


NbyW 

9 

M 

bo 

121CIII 

58 42 N 

307 07 

Sep 20 

82 

44 19 W 

3 








Cl, D4 


WbyN.WNW 

9 

M 

bo 

122CIII 

58 22 N 

305 30 

Sep 20 




14 3 


78 50 N 

2 

14 3 

1113 

2 

D4 

El 3,189 56 78 f 

W 

12 

MR 

CO 

123CIII 

55 44 N 

306 39 

Sep 21 




14 4 


77 23 N 

2 

14 4 

1236 

2 

D4 

El 3,189 5678 1 

SbyEtoSE 

15 

MR 

bo 

124CIII 

54 44 N 

307 25 

Sep 22 

86 

40 13 W 

3 








Cl 


SW 

11 

M 

bo 

125CIII 

54 34 N 

307 33 

Sep 22 




14 3 


76 44 N 

3 

14 3 

1307 

3 

D4 

189 5678| 

SbyW 

11 

MS 

bo 

126CIII 

54 29 N 

307 38 

Sep 22 

16 1 

39 29 W 

3 








C1,D4 


SSW 

10 

M 

bo 

127CIII 

53 47 N 

309 08 

Sep 23 




14 2 


75 59 N 

1 

14 2 

1358 

1 

D4 

189 5678 f 

SbyW 

20 

R 

bo 

128CIII 

53 40 N 

309 17 

Sep 23 

17 0 

36 58 W 

3 








Cl, D4 

. 

SSW 

15 

R 

bo 

129CIII 

52 45 N 

309 55 

Sep 24 




14 4 


75 20 N 

3 

14 3 

1408 

3 

D4 

El 3,189 5678 f 

SSW 

13 

MS 

00 

130CIII 

51 36 N 

310 42 

Sep 25 




14 0 


74 42 N 

3 

14 0 

1469 

3 

D4 

El 3,189 5678f 

SEbyS 

6 

MS 

bof 

131CIII 

51 34 N 

310 57 

Sep 25 

15 4 

34 18 W 

3 








Cl 


SE 

10 

M 

bo 

132CIII 

51 14 N 

312 17 

Sep 26 




14 2 


74 07 N 

2 

14 2 

1500 

2 

D4 

El 3,189 5678 f 

SbyW 

10 

MR 

ofr 

133CIII 

49 46 N 

311 45 

Sep 27 




14 6 


73 35 N 

1 

14 5 

1550 

1 

D4 

El 3,189 56781 

SbyE 

32 

R 

bo 

134CIII 

49 43 N 

311 58 

Sep 27 

16 8 

32 35 W 

3 








Cl, D4 


SSW 

22 

R 

bo 

135CIII 

49 20 N 

312 34 

Sep 28 

78 

32 29 W 

3 








Cl, D4 


SWbyS 

15 

R 

bo 

136CIII 

48 45 N 

312 37 

Sep 28 




14 6 


72 47 N 

2 

14 6 

1614 

2 

D4 

El 3,189,56781 

SWbyS 

21 

MLR 

bo 

137CIII 

48 41 N 

312 37 

Sep 28 

16 0 

31 34 W 

3 








C1.D4 


SW 

15 

M 

bo 

138CIII 

47 25 N 

311 41 

Sep 29 

97 

30 19 W 

3 








Cl, D4 


SWbyW 

9 

M 

bo 

139CIII 

46 47 N 

310 51 

Sep 29 




14 3 


72 19 N 

2 

14 2 

1661 

2 

D4 

El 3,189 5678t 

WSWtoW 

17 

R 

or 

140CIII 

46 42 N 

310 27 

Sep 29 

17 4 

29 17 W 

3 








C1,D4 


N,NW 

20 

R 

bo 

141CIII 

46 54 N 

309 16 

Sep 30 

80 

29 39 W 

3 








C1,D4 


NWbyW 

23 

R 

bo 

142CIII 1 

46 59 N 

309 08 

Sep 30 

16 6 

29 38 W 

3 

14 3 


72 35 N 

1 

14 2 

1640 

1 

Cl, D4 

El 3,189 5678 1 

Various 

25 

R 

bo 

144CIII 

46 33 N 

309 14 

Oct 1 

81 

29 07 W 

3 








D4 


WbyS 

14 

M 

bo 

146CIII 

46 08 N 

309 04 

Oct 1 




141 


72 17 N 

2 

141 

1669 

2 

D4 

El 3,189 5678 1 

SbyWtoSWbyS 

12 

MR 

boo 

146CIII 

46 01 N 

309 05 

Oct 1 

16 2 

28 46 W 

3 








C1,D4 


SSW 

11 

M 

bo 

147CIII 

45 14 N 

307 35 

Oct 2 

10 5 

27 30 W 

3 








Cl 


WbyN 

9 

M 

be 

148CIII 

45 00 N 

306 52 

Oct 2 




141 


72 01 N 

3 

14 1 

1709 

3 

D4 

El 3,189 5678! 

W 

8 

M 

bo 

149CIII 

44 56 N 

306 38 

Oct 2 

15 5 

27 10W 

2 








Cl 


WbyN 

10 

M 

bo 

150CIII 

44 01 N 

303 44 

Oct 3 

64 

25 01 W 

3 







l 2 

C1.D4 


WbyN 

13 

M 

bo 

151CIII 

43 38 N 

302 55 

Oct 3 




14 0 


72 16 N 

2 

14 0 

1714 


D4 

El 3,189 5678! 

WSW 

14 

MS 

bo 

152CIII 

43 27 N 

302 43 

Oct 3 

16 9 

24 00 W 

3 








C1,D4 


WSW 

8 

M 

bo 

153CIII 

43 28 N 

302 19 

Oct 4 

64 

23 SOW 

3 








Cl, D4 ! 


WSW 

8 

M 

bo 

154CIII 

43 07 N 

301 31 

Oct 4 




13 9 


72 11 N 

3 

14 0 

1729 

3 

D4 

El 3,189 5678! 

WbyN 

6 

MS 

b 

1S5CIII 

43 02 N 

301 05 

Oct 4 

17 0 

23 04 W 

3 








Cl, D4 


WbyN 

10 

M 

bo 

156CIII 

42 50 N 

300 03 

Oct 5 

67 

22 31 W 

3 








Cl, D4 


WbyN 

8 

M 

bo 

157CIII 

42 54 N 

299 33 

Oct 5 




14 2 


72 23 N 

3 

14 1 

1724 

3 

D4 

El 3,189 5678! 

NWbyW 

7 

MS 

b 

158CIII 

42 57 N 

299 24 

Oct 5 

15 6 

2149 W 

3 








Cl, D4 


NNW 

5 

M 

bo 

159CIII 

42 27 N 

296 48 

Oct 6 


. 


14 6 


72 35 N 

2 

14 6 

1716 

2 

D4 

El 3,189 5678! 

W 

10 

MLR 

b 

160CIII 

42 22 N 

296 28 

Oct 6 

16 2 

20 09 W 

3 



, 





C1,D4 


WbyS 

12 

M 

bo 

161CIII 

42 18 N 

296 12 

Oct 6 

17 5 

18 47 W 

3 








C1.D4 


W 

12 

M 

bo 

162CIII 

41 45 N 

294 20 

Oct 7 

64 

17 13 W 

3 








Cl, D4 


WbyS 

13 

M 

be 

163CIII 

41 34 N 

293 42 

Oct 7 


, 


14 0 


72 23 N 

3 

13 9 

1753 

3 

D4 

El 3,189 5678f 

W 

14 

MS 

b 

164CIII 

41 34 N 

293 38 

Oct 7 

17 0 

16 48 W 

3 








Cl, D4 


WbyS 

7 

MS 

bo 

165CIII 

41 37 N 

293 15 

Oct 8 

65 

16 17 W 

3 





. 



C1,D4 


S 

5 

M 

bo 

166CIII 

41 26 N 

293 16 

Oct 8 


. 


14 0 


72 23 N 

3 

14 0 

1764 

3 

D4 

El 3,189 5678! 

S 

4 

MS 

b 

167CIII 

41 20 N 

293 22 

Oct 8 

16 8 

16 31 W 

3 


• . 



. 


, 

Cl, D4 


s 

8 

S 

bo 

168CIII S 

40 58 N 

291 50 

Oct 9 

15 2 

15 05 W 

3 

14 2 


72 15 N 

3 

14 2 

1778 

3 

Cl, D4 

189 5678! 

NWbyWtoNW 

3 

MS 

of 

170CIII 

40 52 N 

290 50 

Oct 10 

66 

14 20 W 

3 



, , 





C1,D4 


W 

6 

S 

bf 

171CIII 

40 51 N 

290 18 

Oct 10 




14 0 


72 07 N 

3 

13 9 

1803 

3 

D4 

El 3,189 5678! 

WbyN 

5 

s 

b 

172CIII 

40 52 N 

289 54 

Oct 10 

16 8 

13 08 W 

‘ 3 








Cl, D4 


WbyN 

4 

s 

9 

173CIII 1 ' 

41 09 N 

287 59 

Oct 11 

63 . 

11 15 W 

' 3 



. 



, 


Cl 

.. 

W 


s 

bo 

174CIII 1 

41 06 N 

287 47 

Oct 15 




11 8 to 17 2 

72 14 N 

3 

11 8 to 17 2 

1801 

3 

D4 

189.78 

Swing 

0 

s 

bo 


(Gardiners Bay) 

Oct 16 




11 9 to 16 4 

72 24 N 

3 

11 9 to 16 4 

1808 

3 

D4 

189 56 

Swing 

0 

s 

od 


(Gardiners Bay) 

Oct 18 

7 6 to 9 6 

11 49 W 

r 3 



. . 


. 



Cl, D4 


Swing 

0 

8 

bo 

175CIII 

41 06 N 

287 48 

Oct 19 

15 6 to 16 5 

1147 W 

r 3 








Cl, D4 

. . 

Swing 

0 

s 

b 


(Gardiners Bay) 

Oct 19 

16 7 

1137 W 

r 2 








D4 


s,sw 

0 

M 

bo 


(Gardiners Bay) 

Oot 19 

16 7 to 17 1 

11 45 V 

r 3 








Cl 


S,SW,NW,N 

0 

S 

b 

176CIIL 

i 41 05 N 

287 48 

Oct 20 

7 5to 84 

11 42 V 

r 3 





. 



Cl, D4 


Swing 

0 

S 

b 

177CIII 1 

s 41 12 N 

287 38 

Oct 20 




14 2 


72 27 N 

3 

14 2 

1796 

3 

D4 

189 5678! 

WNWabout 

1 

s 

b 

178CIII 1 

5 41 10N 

287 39 

Oct 20 

16 2 

11 52 V 

r 3 








Cl, D4 


WSW 

. 

s 

bo 

179CIII 1 

s 40 59 N 

286 38 

Oct 21 

7.0 

10 59 V 

r 3 








Cl, D4 

1 ” 

w 


s 

bof 


♦Local disturbance iHove to m gale Stations 142CIII and 143CIII, having the same geographio position, were combined , _ „ 

^Stations 168CIII and 169CIIX were combined ‘From October 12 to October 14 the Carnegie was anchored at Greenport, N. Y ‘Gardiners Bay. 8 Long Island Sourn 



PRELIMINARY RESULTS OF OCEAN MAGNETIC OBSERVATIONS 
ON THE CARNEGIE, 1915-1916. 

Cruise IV. ATLANTIC OCEAN. 1915. 


Station 

Lat 

Long 

E of Gr 

Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 

Station 

Lat 

Long E 
of Or 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 

OCIV 1 

1CIV 

2CIV 

3CIV 2 

4CIV 3 

ecrv 

7CIV 

8CIV 

9 CIV 
10CIV 

nciv 

12CIV 
13CIV 
14CIV 
15CIV 
16 CIV 
17CIV 
18CIV 
19CIV 
20CIV 

21 CIV 

22 CIV 

0 / 

41 06 1ST 
40 38 N 
40 23 N 
37 48 N 
36 37 N 
34 17 N 1 
33 20 N 
33 05 N 
31 28 N 
30 25 N 
30 09 N 
28 26 N 
27 38 N 
27 23 N 
26 28 N 
24 44 N 
23 46 N 
23 29 N 
23 01 N 
22 64 N 
22 53 N 
22 36 N 

0 / 

287 47 

288 12 
288 12 
288 16 
288 26 
288 33 
288 26 
288 25 
288 19 
288 06 1 
288 01 
288 27 

288 53 

289 00 
289 19 

289 58 

290 34 
290 43 
290 48 

290 49 

291 08 

292 33 

1915 
Mar 7, 8 
Mar 9 
Mar 9 
Mar 10 
Mar 10 
Mar 11 
Mar 11 
Mar 11 
Mar 12 
Mar 12 
Mar 12 
Mar 13 
Mar 13 
Mar 13 
Mar 14 
Mar 15 
Mai 15 
Mar 15 
Mar 16 
Mar 16 
Mar 16 
Mar 17 

O 

12 OTV 

11 3 TV 
9 4 TV 

7 5 TV 

6 8 W 
5 8 W 

4 8 W 
4 2 W 

4 1 W 

3 6 W 

2 6 W 

2 6 W 

3 3 W 

4 2 W 

0 

72 2 N 
72 IN 

69 3 N 

66 4 N 

63 3 N 

! 

60 7 N 

59 6 N 

56 9 N 

55 8 N 

C. Q 8 
180 
180 

.204 

224 

242 

.255 

.260 

.269 

273 

23CIV 

24CIV 

25C1V 

26CIV 

27CIV 

28CIV 

29CIV 

30CIV 

31CIV 

32CIV ! 

33CIV 

34CIV 

35CIV 

36CIV 

37CIV 

38CIV 

39 CIV 

40CIV 

41 CIV 

42CIV 

43CIV 

0 / 

22 02 N 
21 50 N 
20 57 N 
20 23 N 
18 43 N 
18 00 N 
17 46 N 
17 04 N 
16 42 N 
16 31 N 
15 37 N 
15 04 N 
14 52 N 
13 53 N 
13 20 N 
12 17 N 
11 55 N 
11 51 N 
11 44 N 
10 51 N 
10 41 N 

o / 

293 14 
293 23 
293 21 
293 08 
292 13 
291 28 
291 07 
289 57 
289 20 
289 03 
287 44 
286 57 
286 37 
285 10 1 
284 24 
282 51 
282 18 
282 12 
282 02 
280 48 
280 19 

1915 
Mar 17 
Mar 17 
Mar 18 
Mar 18 
Mar 19 
Mar 19 
Mar 19 
Mar 20 
Mar 20 
Mar 20 
Mar 21 
Mar 21 
Mar 21 
Mar 22 
Mar 22 
Mar 23 
Mar 23 
Mar 23 
Mar 23 
Mar 24 
Mar 24 

o 

4 2¥ 

4 OTV 

3 3¥ 

1 6¥ 

0 9 TV 

0 2 TV 

0 7E 

1 3 E 

2 0E ! 

3 1 E 

3 8 E 

4 2 E 

0 

55 2 N 

53 2 N 

50 3 N 

48 3 N 

45 9 N 

42 6 N 

40 5 N 
40 2 N 

38 1 N 

C ff 8 

272 

281 

291 

295 

302 

313 

315 

321 


Cruise IV, PACIFIC OCEAN, 1915. 



o / 

o 

/ 

1915 

44CIV 

8 34 N 

280 30 

Api 12 

45CIV 

8 21 N 

280 28 

Apr 12 

46CIV 

6 20 N 

279 

49 

Apr 13 

47CIV 

6 16 N 

279 

48 

Apr 13 

48CIV 

5 50 N 

279 

47 

Apr 14 

49CIV 

5 16 N 

279 

41 

Apr 14 

50CIV 

5 07 N 

279 

39 

Apr 14 

51CIV 1 

4 18 N 

279 

34 

Apr 15 

52CIV 1 

4 08 N 

279 

35 

Apr 15 

53CIV 

3 36 N 

279 

13 

Apr 15 

54CIV 

2 52 N 

278 

32 

Apr 16 

55CIV 

2 28 N 

277 

59 

Apr 16 

56 CIV 

2 18 N 

277 

47 

Apr 16 

57CIV 

2 08 N 

277 

00 

Apr 17 

58CIV 

2 09 N 

275 

57 

Apr 17 

59CIV 

2 ION 

275 

35 

Apr 17 

60CIV 

2 19 N 

274 

19 

Apr 18 

61 CIV 

2 25 N 

273 

32 

Apr 18 

62CIV 

2 22 N 

273 

15 

Apr 18 

63CIV 

2 11 N 

272 

20 

Apr 19 

64CIV 

2 07 N 

271 

37 

Apr 19 

65CIV 

2 04 N 

271 

23 

Apr 19 

66 CIV 

2 01 N 

270 

08 

Apr 20 

67CIV 

2 15 N 

269 

14 

Apr 20 

68 CIV 

2 20 N 

268 

59 

Apr 20 

69 CIV 

2 53 N 

267 

48 

Apr 21 

70CIV 

2 59 N 

266 

55 

Apr 21 

71CXV 

3 02 N 

266 

38 

Apr 21 

72CIV 

3 21 N 

264 

53 

Apr 22 

73CIV 

3 57 N 

264 

23 

Apr 22 

74CIV 

4 09 N 

264 

19 

Apr 22 

75CIV 

4 41 N 

264 

00 

Apr 23 

76CIV 

5 04 N 

263 

47 

Apr 23 

77CIV 

5 12 N 

263 

43 

Apr 23 

78CIV 

4 35 N 

263 

56 

Apr 24 

79CIV 

4 26 N 

263 

53 

Apr 24 

80CIV 

4 22 N 

263 

54 

Apr 24 


o 

o 

3 O s 



35 0 N 

321 

81CIV 

4 7 E 



82CIV 


31 0 N 

326 

83CIV 

5 3 E 



84CIV 

5 6E 


. 

85CIV 


29 1 N 

325 

86CIV 

5 4 E 



87CIV 

5 7E 



88CIV 


27 ON 

326 

89CIV 

6 0E 



90CIV 

6 5 E 



91 CIV 


23 8 N 

326 

92CIV 

6 7 E 



93CIV 

6 8 E 



94CIV 


22 5 N 

328 

95CIV 

7 2 E 



96CIV 

7 5 E 



97CIV 


21 6 N 

332 

98CIV 

7 6 E 



99 CIV 

8 0E 



100CIV 


20 5 N 

334 

101CIV 

7 9 E 



102CIV 

8 5 E 



103 CIV 


19 6 N 

335 

104CIV 

8 4 E 



105CIV 

8 5 E 



106CIV 


19 6 N 

340 

107CIV 

8 6 E 



108CIV 

8 6 E 



109 CIV 


21 1 N 

339 

110CIV 

9 OE 



111 CIV 

S 6E 



112CIV 


23 1 N 

340 

113CIV 

8 6 E 



114CIV 

8 7 E 



115CIV 


21 8 N 

340 

116CIV 

8 7 E 



117CIV 


Swinging ship *Mean of four positions 


0 / 

o / 

1915 


3 49 N 

2G4 38 

Apr 25 


3 50 N 

264 33 

Apr 25 


3 52 N 

264 25 

Apr 25 


4 12 N 

263 39 

Apr 26 


4 13 N 

263 33 

Apr 26 


4 13 N 

263 34 

Apr 26 


4 56 N 

262 07 

Apr 27 


5 13 N 

261 49 

Apr 27 


6 03 N 

261 31 

Apr 28 


6 37 N 

261 07 

Apr 28 


7 47 N 

260 38 

Apr 29 


8 18 N 

260 39 

Apr 29 


8 20 N 

260 41 

Apr 29 


8 22 N 

260 11 

Apr 30 


8 29 N 

259 33 

Apr 30 


8 30 N 

259 26 

Apr 30 


8 29 N 

258 26 

May 1 


8 44 N 

257 38 

May 1 


8 51 N 

257 18 

May 1 


9 37 N 

255 58 

I May 2 


9 53 N 

255 05 

May 2 


9 55 N 

254 55 

May 2 


10 12 N 

254 02 

May 3 


10 19 N 

253 19 

May 3 


10 17 N 

252 53 

May 3 


10 14 N 

250 54 

May 4 


10 34 N 

249 44 

May 4 


10 39 N 

249 31 

May 4 


10 58 N 

248 11 

May 5 


11 13 N 

247 16 

May 5 


11 18 N 

246 56 

May 5 


11 46 N 

245 12 

May 6 


11 58 N 

244 31 

May 6 


12 35 N 

242 29 

May 7 


12 51 N 

241 34 

May 7 


12 56 N 

241 17 

May 7 


13 29 N 

239 42 

May 8 



8 Station 5CIV rejected 


O 

o < 

c a * 

8 6 E 

21 ON 

338 

H H 
r- r- 

00 00 

21 4 N 

340 

8 9E , 

22 IN 

340 

8 6 E 

8 8 E 

25 IN 

342 

8 7 E 

27 7 N 

342 

9 0E 

8 8 E 

27 8 N 

341 

8 6 E 

9 1 E 

27 6 N 

340 

8 8 E 

9 1 E 

28 8 N 

342 

8 9 E 

S 9 E 

29 4N 

341 

8 9 E 

9 3 E 

28 9 N 

341 

9 0E 
9 1 E 

29 7 N 

340 

9 2E 
9 IE 

30 3 N 

339 

9 3 E 

31 2 N 

335 

9 4 E 
9 5 E 

' 
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Station 

Lat 

Long 
of G 

E 

rr 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 

Station 

Lat 

Lang 
of (. 

E 

Ir 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 


o 

/ 

o 

/ 

1915 

o 

O 

c g s 


0 


o 

$ 

1915 

o 

0 

c Q t 

118CIV 

13 

42 N 

238 

55 

May 8 


32 4 N 

333 

186CIV 

41 

03 N 

189 

29 

Jul 

14 

12 4 E 


. 

119CIV 

13 

47 N 

238 

34 

May 8 

9 8 E 



187CIV 

41 

18 N 

189 

32 

Jul 

14 

12 7 E 



120CIV 

14 

20 N 

236 

46 

May 9 

9 8 E 



188CIV 

42 

12 N 

189 

40 

Jul 

15 

12 6 E 



121CIV 

14 

48 N 

235 

36 

May 9 


33 7 N 

329 

189CIV 

42 

33 N 

189 

41 

Jul 

15 


57 2 N 

244 

122CIV 

14 

57 N 

235 

11 

May 9 

9 8 E 



190CIV 

42 

33 N 

189 

40 

Jul 

15 

12 9 E 



123CIV 

15 

37 N 

233 

10 

May 10 

9 9 E 



191CIV 

43 

35 N 

189 

43 

Jul 

16 


58 1 N 

241 

124CIV 

15 

56 N 

232 

28 

May 10 


35 ON 

324 

192CIV 

43 

52 N 

189 

46 

Jul 

16 

12 8 E 

, 


125CXV 

16 

00 N 

232 

17 

May 10 

9 9 E 



193CIV 

44 

00 N 

189 

48 

Jul 

16 

12 8 E 


. , 

126CIV 

16 

40 N 

230 

27 

May 11 

10 5 E 



194CIV 

45 

06 N 

190 

01 

Jul 

17 

13 2 E 

, 


127CIV 

16 

53 N 

229 

48 

May 11 


36 0 N 

321 

195CIV 

46 

32 N 

190 

14 

Jul 

17 


60 4 N 

233 

128CIV 

17 

01 N 

229 

03 

May 11 

10 1 E 



196CIV 

49 

03 N 

190 

30 

Jul 

18 

13 8 E 



129CIV 

17 

31 N 

226 

46 

May 12 


36 9 N 

317 

197CIV 

49 

40 N 

190 

25 

Jul 

18 


63 1 N 

223 

130CIV 

17 

32 N 

226 

34 

May 12 

10 4 E 



198CIV 

50 

00 N 

190 

24 

Jul 

18 

14 0E 

, 

. 

131CIV 

17 

34 N 

226 

18 

May 12 

10 5 E 



199CIV 

50 

10 N 

190 

24 

Jul 

18 

14 0E 



132CIV 

18 

01 N 

224 

32 

May 13 

10 6 E 



200CIV 

52 

21 N 

189 

54 

Jul 

19 

14 1 E 



133CIV 

18 

19 N 

223 

46 

May 13 


37 5 N 

314 

201CIV 

52 

40 N 

190 

39 

Jul 

19 


65 4 N 

212 

134CIV 

18 

29 N 

223 

30 

May 13 

10 5 E 



202CIV 8 

53 

00 N 

190 

49 

Jul 

19 

14 4 E 



135CIV 

18 

51 N 

221 

53 

May 14 

10 9 E 



203CIV 4 

53 

54 N 

193 

28 

Jul 

23 

16 5 E 



136CIV 

19 

13 N 

220 

56 

May 14 


38 3 N 

310 

204CIV 

54 

18 N 

193 

22 

Aug 

5 


67 6 N 

200 

137CIV 

19 

26 N 

220 

41 

May 14 

10 9 E 



205CIV 

56 

37 N 

192 

27 

Aug 

6 


68 3 N 

196 

138CIV 

19 

39 N 

218 

46 

May 15 

11 2 E 



206CIV 

57 

24 N 

193 

05 

Aug 

7 


69 4 N 

189 

139CIV 

19 

48 N 

217 

46 

May 15 


38 9 N 

304 

207CIV 

57 

37 N 

193 

02 

Aug 

7 

16 4 E 



X40CIV 

19 

51 N 

217 

23 

May 15 

10 5 E 



208CIV 

58 

07 N 

193 

12 

Aug 

8 

16 4 E 


. 

141 CIV 

19 

52 N 

216 

10 

May 16 

11 0E 



209CIV 

58 

00 N 

192 

04 

Aug 

8 


69 7 N 

184 

142CIV 

19 

57 N 

215 

13 

May 16 


38 8 N 

303 

210CIV 

57 

55 N 

191 

38 

Aug 

8 

15 IE 

. . 

. . . 

143CIV 

20 

01 N 

214 

48 

May 16 

10 6 E 



211CIV 

57 

53 N 

191 

26 

Aug 

8 

14 7 E 


. , 

144CIV 

20 

19 N 

213 

11 

May 17 

10 9 E 



212CIV 

57 

40 N 

190 

59 

Aug 

9 

15 4 E 


, 

145CIV 

20 

38 N 

211 

56 

May 17 


39 1 N 

300 

213CIV 

58 

12 N 

189 

46 

Aug 

9 


70 ON 

,180 

146CIV 

20 

40 N 

211 

39 

May 17 

111E 



214CIV 

59 

05 N 

188 

31 

Aug 

10 

15 4 E 

, 


147CIV 

20 

49 N 

210 

02 

May 18 

10 8 E 



215CIV 

59 

02 N 

187 

36 

Aug 

10 


69 8 N 

184 

148CIV 

20 

54 N 

209 

05 

May 18 


38 9 N 

297 

216CIV 3 

59 

01 N 

187 

36 

Aug 

10 

13 5 E 

. . . 

. 

149CIV 

20 

56 N 

208 

48 

May 18 

10 2 E 



217CIV 

59 

26 N 

187 

20 

Aug 

11 

12 5 E 


. . 

150CIV 

21 

04 N 

206 

51 

May 19 

10 7 E 



218CIV 

59 

33 N 

186 

33 

Aug 

11 


70 2 N 

182 

151CIV 

21 

08 N 

206 

08 

May 19 


39 1 N 

294 

219CIV 

59 

29 N 

186 

00 

Aug 

11 

11 4 E 


. . 

152CIV 

21 

11 N 

205 

51 

May 19 

10 6 E 



220CIV 

59 

01 N 

183 

43 

Aug 

12 

11 6 E 


. . 

153CIV 

21 

27 N 

204 

11 

May 20 

10 6 E 



221CIV 

58 

42 N 

182 

36 

Aug 

12 

. 

69 5 N 

188 

154CIV 

21 

24 N 

203 

07 

May 20 


39 6 N 

291 

222CIV 

58 

36 N 

182 

21 

Aug 

12 

9 4 E 


. 

155CIV 

21 

21 N 

202 

50 

May 20 

11 0E 



223CIV 

58 

30 N 

182 

02 

Aug 

12 

10 2 E 


. 

156CIV 

21 

14 N 

202 

20 

May 21 

10 8 E 



224CIV 6 

57 

49 N 

180 

18 

Aug 

13 

9 2 E 








fjun 29l 




225 CIV 

57 

02 N 

178 

49 

Aug 

13 

< 

67 9 N 

198 

157CIV 1 

21 

15 N 

202 

02 

\Jul 3J 

10 7 E 

38 9 N 

292 

226CIV 

56 

57 N 

178 

36 

Aug 

13 

7 6 E 



158CIV 

22 

10N 

201 

22 

Jul 4 

10 6 E 



227CIV 1 

56 

44 N 

177 

05 

Aug 

15 

6 7 E 



159CIV 

23 

08 N 

201 

10 

Jul 4 


40 7 N 

288 

228CIV 1 

56 

37 N 

176 

59 

Aug 

15 


67 3 N 

202 

160CIV 

23 

27 N 

201 

00 

Jul 4 

11 0E 



229CIV 1 

56 

28 N 

177 

02 

Aug 

15 

6 9 E 

. 

. 

161CIV 

25 

01 N 

200 

14 

Jul 5 

11 5 E 



230CIV 

55 

49 N 

175 

37 

Aug 

16 

6 IE 



162CIV 

26 

05 N 

199 

34 

Jul 5 


44 3 N 

279 

231CIV 

55 

36 N 

175 

13 

Aug 

16 


66 3 N 

.207 

163CIV 

26 

22 N 

199 

26 

Jul 5 

11 6 E 



232CIV 

55 

28 N 

174 

01 

Aug 

16 

4 8 E 



164CIV 2 

27 

32 N 

198 

58 

Jul 6 

12 0E 



233CIV 

54 

35 N 

173 

21 

Aug 

17 

4 7 E 

. 

, 

165CIV 

28 

17 N 

198 

53 

Jul 6 


46 3 N 

275 

234CIV 

53 

46 N 

172 

05 

Aug 

17 


64 7 N 

217 

166CIV 

28 

30 N 

198 

52 

Jul 6 

12 2 E 



235CIV 

53 

35 N 

171 

55 

Aug 

17 

3 7 E 



167CIV 

29 

22 N 

198 

46 

Jul 7 

12 7 E 



236CIV 

52 

22 N 

170 

18 

Aug 

18 

3 3 E 



168CIV 

30 

02 N 

198 

42 

Jul 7 


48 1 N 

269 

237CIV 

51 

35 N 

369 

39 

Aug 

18 


63 IN 

225 

169CIV 

30 

14 N 

198 

41 

Jul 7 

12 8 E 



238CIV 8 

51 

13 N 

168 

38 

Aug 

19 

2 2 E 


, 

170CIV 

30 

52 N 

198 

39 

Jul 8 

12 8 E 



239CIV 

51 

14 N 

168 

28 

Aug 

19 


62 2 N 

231 

171CIV 

31 

33 N 

198 

34 

Jul 8 


49 5 N 

267 

240CIV 

49 

46 N 

168 

16 

Aug 20 

1 9 E 



172CIV 

31 

SON 

198 

33 

Jul 8 

12 9 E 



241 CIV 

49 

12 N 

168 

21 

Aug 

20 


60 5 N 

237 

173CIV 

32 

51 N 

198 

34 

Jul 9 

13 3 E 



242CIV 

48 

14 N 

168 

22 

Aug 

21 

1 7E 



174CIV 

34 

10N 

198 

36 

Jul 9 


51 9 N 

262 

243CIV 

48 

13 N 

168 

17 

Aug 

21 


60 4 N 

238 

175CIV 

36 

26 N 

198 

47 

Jul 10 

14 5 E 



244CIV 

48 

04 N 

167 

43 

Aug 

21 

2 IE 



176CIV 

36 

29 N 

198 

48 

Jul 10 


54 1 N 

254 

245CIV 

47 

27 N 

166 

45 

Aug 

22 

1 7E 



177CIV* 

37 

17 N 

196 

50 

Jul 11 

14 IE 



246CIV 

46 

46 N 

166 

03 

Aug 

22 


58 4 N 

246 

178CIV 

37 

41 N 

195 

44 

Jul 11 


54 8 N 

255 

247CIV 

46 

39 N 

165 

52 

Aug 

22 

1 2 E 

• 


179CIV 

37 

50 N 

195 

27 

Jul 11 

13 8 E 



248CIV 

45 

48 N 

164 

43 

Aug 

23 

0 8E 



180CIV 

38 

40 N 

193 

55 

Jul 12 

14 2 E 



249CIV 

45 

20 N 

164 

07 

Aug 

23 


57 4 N 

248 

181CIV 

39 

12 N 

192 

58 

Jul 12 


55 1 N 

250 

250CIV 

45 

20 N 

164 

00 

Aug 

23 

0 7E 



182CIV 

39 

30 N 

192 

32 

Jul 12 

13 5 E 



251 CIV 3 

45 

00 N 

163 

18 

Aug 

24 

0 7E 

. 


183CIV 

40 

12 N 

191 

02 

Jul 13 

12 9 E 



252CIV 

44 

45 N 

162 

54 

Aug 

24 


56 7 N 

25 2 

184CIV 

40 

27 N 

190 

25 

Jul 13 


55 8 N 

247 

253CIV 

44 

38 N 

162 

48 

Aug 

24 

0 3E 

. 


185CIV 

40 

58 N 

189 

29 

Jul 14 


55 8 N 

248 

254CIV 

44 

32 N 

162 

49 

Aug 

25 

0 2E 




^Swinging ship ‘Mean of two positions ‘Crossed 180th meridian, hence, date August 14 omitted 

‘Mean of three positions ‘Taken at anchor, Dutch Harbor 
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Station 

Lat 

Long 
of G 

E 

r 

[ 2 Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 



Long 
of G 

E 

r 

Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 


o 

r 

0 

/ 
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29 
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•Local disturbance, near Marshall Islands. ^Iean of two positions 
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15 
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37 
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40 

Oct 

26 
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38 
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27 
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22 
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Oct 
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9 0E 
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38 

41 S 

161 

52 
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28 
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18 
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321 

437CIV 

39 
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10 

Oct 

28 
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409CIV 

23 

43 S 
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00 
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18 
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41 
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26 

Oct 

29 
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23 

55 S 
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50 

Oct 

19 

9 0E 
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42 
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221 
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24 
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13 

Oct 
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31 S 

162 

42 

Oct 

29 

15 0E 



412CIV 

25 

43 S 

155 

33 

Oot 

20 

9 IE 


, 

441CIV 

43 

58 S 

163 

29 

Oct 

30 

15 7 E 



413CIV 

26 

23 S 

155 

05 

Oct 

20 


54.8 S 

307 

442CIV 

45 

13 S 

164 

30 

Oct 

30 


70 8 8 

204 

414CIVJ 

26 

38 S 

154 

57 

Oct 

20 

8 7 E 



443 CIV 2 

45 

36 S 

164 

53 

Oct 

30 

16 4 E 



415CIV 

27 

34 S 

154 

32 

Oct 

21 

9 6 E 



444CIV 

46 

31 8 

167 

20 

Oct 

31 

16 8 E 

* « « 


416CIV 

28 

17 S 

154 

26 

Oct 

21 


57 3 S 

294 

445CIVf 

46 

41 S 

168! 

13 

Oct 

31 


71 4 8 

200 

417CIV 

28 

35 S 

154 

FTil 

Oct 

21 

9 4 E 



446CIV 

46 

10 S 

170 

26 

Nov 

1 

, 

70 5 8 

206 

418CIV 

29 

43 S 

155 

12 

Oot 

22 

9 5 E 



447CIV 

45 

14 S 

172 

00 

Nov 

2 

17 7 E 



419CIV 

30 

29 S 

155 

41 

Oct 

22 


59 4 S 

285 

448CIV 

44 

27 S 

172 

44 

Nov 

2 


68 7 8 

219 

420CIV 


48 S 

155 

54 

Oct 

22 

10 0E 



449CIV 

44 

16 S 

172 

50 

Nov 

2 

17 2 E 


» « 

421CIV 

32 

19 S 

156 

59 

Oct 

23 

10 6 E 



450CIV 

43 

42 S 

173 

09 

Nov 

3 

17 1 E 

.... 

. 


Cruise IV, SOUTHERN OCEANS, 1915-1916. 



o 

r 

0 

t 

1915 

o 

o 

c g 8 


o 

/ 

0 

t 

1915 

0 

o 

c a * 

451CIV 

43 

47 S 

173 

20 

Deo 

6 

17 1 E 



487CIV 

60 

16 S 

208 

42 

Dec 

18 

29 5 E 



452CIV 2 

46 

04 S 

174 

39 

Deo 

7 

17 9 E 



488CIV 

60 

10 S 


28 

Deo 

18 


74 8 8 

169 

453CIV 

46 

27 8 

174 

51 

Deo 

7 


70 0 S 

208 

489 CIV 

60 

18 8 

212 

42 

Dec 

19 

29 3 E 



454CIV 

47 

37 8 

176 

16 

Deo 

8 

18 3 E 



490CIV 

60 

20 8 

214 

56 

Deo 

19 


74 2 S 

176 

455CIV 

48 

10 8 

176 

39 

Deo 

8 


70 6 S 

El 

491 CIV 

60 

20 S 

215 

31 

Dec 

19 

30 7 E 



456CIV 

49 

03 8 

178 

20 

Dec 

9 

18 5 E 



492CIV 

60 

26 S 

218 

49 

Dec 

20 

30 6 E 



457CIV 

49 

18 8 

179 

01 

Deo 

9 


71 2 S 

199 

493CIV 

60 

32 S 

221 

04 

Deo 

20 


73 2 8 

182 

458CIV 

49 

23 S 

179 

13 

Deo 

9 

20 4 E 



494CIV 

Itlti 

32 8 

221 

08 

Deo 

20 

30 9 E 



459CIV* 

49 

56 S 

180 

47 

Dec 

9 

20 4 E 



495CIV 

60 

10 S 

227 

27 

Deo 

21 


72 2 S 

192 

460CIV 

50 

20 S 

182 

09 

Deo 

9 


71 4 S 

198 

496CIV 

EH 

09 S 

227 

32 

Dec 

21 

30 4 E 



461 CIV 

50 

28 8 

182 

26 

Deo 

9 

21 5 E 



497CIV 

59 

46 8 

230 

32 

Deo 

22 

30 9 E 



462CIV 

50 

34 8 

182 

43 

Deo 

9 

20 9 E 



498CIV 

59 

40 S 

231 

11 

Deo 

22 

30 8 E 



463CIV 

51 

27 S 

184 

10 

Deo 

10 


72 1 S 

191 

499CIV 

59 

39 S 

232 

30 

Deo 

22 


71 0 8 

201 

464CIV 

51 

29 8 

184 

13 

Dec 

10 

21 3 E 




59 

38 S 

232 

44 

Deo 

22 

32 0E 


« » 

465CIV 

53 
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60 
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53 
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60 
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236 

14 

Deo 
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53 
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Dec 
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60 
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468CIV 

53 
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59 
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55 
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35 

Dec 

14 
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59 

05 S 
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Deo 

26 
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55 

28 8 

195 

36 

Deo 

14 


73 2 S 

184 
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59 

07 S 
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23 

Deo 

27 

31 9 E 



477CIV 

55 

29 S 

195 

38 

Dec 

14 

23 5 E 



513CIV 

59 

09 8 

257 

18 

Deo 

27 


64 6 8 

240 

478CIV 

55 

43 S 

196 

34 

Deo 

14 

23 0E 



514CIV 

59 


257 

36 I 

Deo 

27 

EMSm 



479 CIV 

56 

00 8 

197 

27 

Dec 

15 

24 3 E 



515CIV 

59 

03 8 

258 

34 

Dec 

27 

30 7 E 



480CIV 

56 

05 8 

198 

08 

Deo 

15 


73 2 8 

182 

516CIV 

58 

54 S 

261 


Deo 

28 

31 0E 



481CIV 

56 

08 8 

198 

24 

Deo 

15 

24 0E 



517CIV 

58 

47 8 

263 

38 

Deo 

28 


62 4 8 

250 

482CIV 

57 

21 8 

202 

21 

Deo 

16 


73 6 S 

179 

518CIV 

58 

48 S 

264 

05 

Deo 

28 

30 4 E 



483CIV 

57 

36 8 

202 

46 

Deo 

16 

25 7 E 



519CIV 

58 

48 S 

265 

01 

Deo 

28 

30 2 E 



484CIV 

58 

25 S 

204 

22 

Deo 

17 

26 8 E 




58 

48 8 

267 

32 

Deo 

29 

29 1 E 



485CIV 

59 

15 8 

205 

58 

Deo 

17 


74 5 S 

172 

521CIV 

58 

48 S 

268 

57 

Deo 

29 


60 7 8 

.257 

486CIV 

59 

26 8 

206 

18 

Deo 

17 

27 0E 



522CIV 

58 

48 S 

269 

30 

Deo 

29 

28 8 E 


* 


•Local disturbance; near Chesterfield reefs and islets fLocal disturbance, passing through Foveaux Strait 

x Low value of decimation at station 414CIV probably caused by unfavorable observing conditions 
‘Mean of two positions *Crossed 180th meridian, hence, date Dec 9 repeated. 
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Cruise IV, SOUTHERN OCEANS, 1915-1916— Continued. 


Station 

Lat 

Long E 
of Gr 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 

Station 

Lat 

Long E 
of Gi 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 


0 

/ 

0 

/ 

1916 

0 

0 

c g s 


0 / 

o / 

1916 

o 

o 

C Q 8 

523CXV 

58 

48 S 

270 

14 

Dec 

30 

28 6 E 



591CIV 

54 28 S 

22 00 

Jan 26 


65 8 S 

164 

524CIV 

58 

49 S 

271 

53 

Dec 

30 


59 7 8 

259 

592CIV 

54 27 S 

22 16 

Jan 26 

29 2 W 



525CIV 

58 

49 8 

272 

08 

Deo 

30 

27 8 E 



593CIV 

54 15 8 

26 16 

Jan 27 

29 6 W 



526CIV 

58 

SOS 

273 

02 

Dec 

31 

27 9 E 



594CIV 

54 17 8 

26 57 

Jan 27 


66 6 S 

161 

527CIY 

59 

02 S 

274 

53 

Dec 

31 


59 1 S 

260 

595CIV 

53 56 S 

29 43 

Jan 28 

29 5 W 



528CIV 

59 

08 S 

275 

37 

Dec 

31 

26 8 E 



596CIV 

53 33 8 

31 35 

Jan 28 


67 1 S 

160 






1916 




597CIV 

53 25 S 

32 12 

Jan 28 

29 5 W 



529CIV 

59 

12 S 

277 

39 

Jan 

1 

25 8 E 



598CIV 

52 55 8 

34 55 

Jan 29 

30 6 W 



530CIV 

59 

22 S 

280 

39 

Jan 

1 

24 7 E 



599CIV 

52 51 S 

35 19 

Jan 29 

30 2 W 



531 CIV 

59 

25 S 

280 

52 

Jan 

1 


58 2 S 

261 

600CIV 

52 34 S 

37 26 

Jan 29 


67 5 8 

157 

532CIV 

59 

58 S 

284 

31 

Jan 

2 

22 7 E 



601CIV 

52 46 8 

38 40 

Jan 30 

31 3 W 



533CIV 

60 

08 8 

286 

12 

Jan 

2 


57 1 S 

262 

602CIV 

52 44 8 

39 30 

Jan 30 


67 9 S 

156 

534CIV 

60 

08 S 

286 

20 

Jan 

2 

22 4 E 



603CIV 

52 42 S 

39 52 

Jan 30 

32 0 W 



535CIV 

59 

56 S 

289 

42 

Jan 

3 

20 4 E 



604CIV 

51 53 S 

42 33 

J an 31 

31 5 W 



536CIV 

59 

41 S 

291 

40 

Jan 

3 

18 7 E 

55 6 S 

264 

605CIV 

51 23 S 

43 37 

Jan 31 


68 OS 

156 

537CIV 

59 

418 

292 

39 

Jan 

3 

19 1 E 



606CIV 

51 10 8 

44 02 

Jan 31 

31 3 W 



538CIV 

59 

53 S 

294 

05 

Jan 

4 

17 8 E 



607CIV 

50 06 S 

46 23 

Feb 1 

30 8 W 



539CIV 

60 

00 S 

294 

42 

Jan 

4 


55 2 S 

263 

608CIV 

49 29 S 

47 48 

Feb 1 


67 7 S 

158 

540CIV 

59 

33 S 

295 

59 

Jan 

5 

16 5 E 



609 CIV 

49 18 S 

48 17 

Feb 1 

31 0W 



541CIV 

59 

12 S 

297 

54 

Jan 

5 

15 1 E 

53 9 8 

264 

610CIV 

48 36 8 

50 00 

Feb 2 

30 9 W 



542CIV 

59 

04 8 

298 

51 

Jan 

5 

14 2 E 



611CIV 

48 36 8 

51 26 

Feb 2 


68 OS 

158 

543CIV 

58 

47 8 

300 

42 

Jan 

6 

13 8 E 



612CIV 

48 35 8 

51 58 

Feb 2 

31 7 W 



544CIV 

58 

41 S 

303 

10 

Jan 

6 


52 9 S 

262 

613CIV 

48 35 8 

52 13 

Feb 2 

31 8 W 



545CIV 

58 

00 S 

306 

53 

Jan 

7 

8 8E 



614CIV 

48 34 8 

54 00 

Feb 3 

32 1 W 



546CIV 

57 

35 8 

308 

17 

Jan 

7 


51 4 8 

258 

615CIV 

48 34 S 

55 43 

Feb 3 


67 6 S 

163 

547CIV 

57 

26 S 

308 

58 

Jan 

7 

7 4 E 



616CIV 

48 34 S 

56 08 

Feb 3 

32 5 W 

. 


548CIV 

56 

21 8 

313 

05 

Jan 

8 


50 OS 

254 

617CIV 

48 44 S 

60 23 

Feb 4 

35 0 W 



549CIV 1 

56 

20 S 

313 

06 

Jan 

8 

3 9 E 



618CIV 

48 44 8 

60 30 

Feb 4 


68 0 S 

166 

550CIV 

55 

35 8 

315 

18 

Jan 

9 

2 4 E 



619CIV 

48 48 8 

60 59 

Feb 4 

35 1 W 



551CIV 

55 

28 S 

315 

41 

Jan 

9 


49 6 S 

250 

620CIV 

49 00 S 

63 29 

Feb 5 

34 4 W 



552CIV 

54 

18 S 

319 

17 

Jan 

10 

1 4 W 



621CIV 

49 03 8 

64 08 

Feb 5 


68 2 S 

168 

553CIV 

54 

16 S 

319 

24 

Jan 

10 


48 6 S 

246 

622CIV 

49 05 8 

64 35 

Feb 5 

36 1 W 



554CIV 

54 

09 S 

321 

37 

Jan 

11 

3 4 W 



623CIV 

49 24 8 

66 12 

Feb 6 

37 7 W 



555CIV 

53 

57 8 

321 

28 

Jan 

11 


48 9 S 

242 

624CIV 

49 39 S 

67 56 

Feb 6 


68 7 8 

170 

556CIV 

53 

54 S 

321 

46 

Jan 

11 

3 1 W 



625CIV 

50 09 8 

68 01 

Feb 6 

38 5 W 



557CIV 

53 

54 S 

322 

06 

Jan 

11 

36V 



626CIV 

50 38 8 

69 35 

Feb 7 

39 6 W 



558CIV2 

54 

16 8 

323 

38 

Jan 

12 

4 7V 



627CIV 

51 14 S 

71 30 

Feb 7 


69 3 8 

170 

559CIV 

| 54 

14 8 

325 

27 

Jan 

15 

5 7W 



628CIV 

51 26 S 

72 10 

Feb 7 

40 6 W 



560CIV 

54 

14 8 1 

326 

03 

Jan 

15 

6 2 W 



629 CIV 

51 42 S 

73 22 

Feb 8 

41 5 W 



561CIV 

54 

17 8 

327 

51 

Jan 

15 


50 1 S 

234 

630CIV 

52 19 S 

75 36 

Feb 8 

43 1W 

70 5 8 

170 

562CIV 

54 

19 8 

328 

38 

Jan 

15 

7 7 W 



631CIV 

52 28 S 

76 29 

Feb 8 

41 7 W 



563CIV 

54 

418 

332 

02 1 

Jan 

16 

10 6 W 



632CIV 

51 41 S 

77 12 

Feb 9 

41 5 W 



564CIV 

54 

428 

332 

10 

Jan 

16 


51 1 S 

230 

633CIV 

50 47 S 

78 14 

Feb 9 


70 7 8 

168 

565CIV 

54 

34 8 

334 

48 

Jan 

17 

12 1W 



634CIV 

50 28 S 

78 38 

Feb 9 

42 3 W 



566CIV 

54 

36 S 

336 

33 

Jan 

17 


52 9 S 

220 

635 CIV 

49 26 S 

80 49 

Feb 10 


71 2 S 

168 

567CIV 

54 

32 8 

342 

12 

Jan 

18 


54 3 S 

214 

636CIV 

49 11 S 

81 10 

Feb 10 

40 2 W 



568CIV 

54 

30 8 

344 

22 

Jan 

19 

17 3 W 



637CIV 

49 06 S 

81 16 

Feb 10 

41 9 W 



569CIV 

54 

29 S 

345 

19 

Jan 

19 

17 5 W 



638CIV 

47 38 S 

82 58 

Feb 11 

39 2V 



570CIV 

54 

28 8 

345 

25 

Jan 

19 


55 OS 

211 

639CIV 

46 52 S 

83 59 

Feb 11 


70 9 S 

172 

571CIV 

54 

19 8 

349 

48 

Jan 

20 

20 0W 



640CIVx 

46 35 S 

84 16 

Feb 11 

38 0V 



572CIV 

54 

18 8 

350 

28 

Jan 

20 

20 4 W 



641 CIV 

44 39 S 

85 58 

Feb 12 

35 9 W 



573CIV 

54 

18 S 

350 

51 

Jan 

20 


56 9 S 

203 

642CIV 

43 49 S 

86 47 

Feb 12 


70 4 S 

178 

574CIV 

54 

17 8 

351 

24 

Jan 

20 

20 1W 



643CIV 

43 32 S 

87 02 

Feb 12 

34 4 W 



575CIV 

54 

16 8 

357 

17 

Jan 

21 


59 OS 

196 

644CIV 

41 47 S 

88 12 

Feb 13 

30 8 W 



576CIV 

53 

53 8 

358 

10 

Jan 

21 

22 8 W 



645CIV 

40 59 S 

88 44 

Feb 13 


69 5 S 

185 

577CIV 

53 

45 8 

358 

37 

Jan 

21 

24 3 W 



646CIV 

40 48 S 

88 51 

Feb 13 

30 4 V 



578CIV 

53 

418 

0 

39 

Jan 

22 

25 2 W 



647CIV 

40 33 S 

88 58 

Feb 13 

29 7 W 



579CIV 

54 

21 8 

2 

16 

Jan 

22 


60.5 S 

188 

648CIV 

39 02 S 

89 49 

Feb 14 

28 0V 



580CIV 

54 

22 S 

2 

36 

Jan 

22 

24 7 W 

. 


649 CIV 

37 58 S 

90 43 

Feb 14 


68 7 S 

194 

581CIV 

53 

488 

4 

19 

Jan 

23 

25 3 W 



650CIV 

37 45 S 

90 53 

Feb 14 

25 6 W 

, 


582CIV 

53 

32 8 

6 

00 

Jan 

23 


61 8 S 

181 

651 CIV 

37 34 S 

91 02 

Feb 14 

26 4 W 



583CIV 

53 

32 8 

6 

21 

Jan 

23 

26 2 W 

. . 


652CIV 

35 58 S 

92 32 

Feb 15 

22 9 W 



584CIV 

53 

39 8 

9 

22 

Jan 

24 

27 1W 

. 


653CIV 

35 41 S 

93 33 

Feb 15 

22 7 W 

67 9 S 

201 

585CIV 

53 

448 

10 

28 

Jan 

24 


63 OS 

176 

654CIV 

35 32 S 

93 56 

Feb 15 

21 8 W 



586CIV 

53 

47 8 

10 

54 

Jan 

24 

27 0W 



655CIV 

34 55 S 

95 20 

Feb 16 

20 5 W 



587CIV 

54 

03 8 

14 

35 

Jan 

25 

28 5W 

, . 


656CIV 

34 22 S 

96 13 

Feb 16 


67 2 S 

210 

588CIV 

54 

13 8 

16 

08 

Jan 

25 


64.5 S 

171 

657CIV 

34 09 8 

96 23 

Feb 16 

18 6 W 



589 CIV 

54 

16 S 

16 

30 

Jan 

25 

28 4V 



658CIV 

34 54 S 

95 36 

Feb 17 

20 6 "W 



590CIV 3 

l 54 

; 33 8 

19 

55 

Jan 

26 

28 8W 



659CIV 

35 09 S 

95 30 

Feb 17 


67 5 S 

207 


x Mean of two positions Entrance to Cumberland Bay, South Georgia 
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Cruise IY, SOUTHERN OCEANS, 1915-1916— Concluded. 


Station 

Lat 

Lonfj 

of 

E 

ir 

Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 

Mgg 

Lat 

Lon 

of 

hf 

Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 


0 

r 

o 

> 

1910 

o 

0 

c Q s 


o 

r 

0 

t 

1916 

0 

o 


660CIV 

36 

11 S 

95 

23 

Feb 

18 

21 9 W 

68 2 S 

202 

724CIV 

40 

26 S 

128 

59 

Mar 11 

0 5 W 



661CIV 

36 

10 s 

96 

58 

Feb 

19 

21 0W 



725CIV 

40 

21 8 

129 

01 

Mar 11 

0 4W 



662CIV 

35 

58 S 

97 

30 

Feb 

19 


68 4 S 

203 

726CIV 

39 

42 8 

129 

26 

Mar 11 


71 1 S 

201 

663CIV 

35 

56 S 

97 

34 

Feb 

19 

20 1 W 



727CIV 

39 

39 8 

129 

28 

Mar 11 

0 IE 



664CIV 

36 

02 S 

97 

36 

Feb 

19 

19 7 W 



728CIV 

39 

29 8 

129 

45 

Mar 11 

0 3E 



665CIV 

37 

12 S 

97 

28 

Feb 

20 

21 4 W 



729CIV 

39 

57 S 

129 

57 

Mar 12 

0 4 E 



666CIV 

37 

44 S 

97 

33 

Feb 

20 


69 3 S 

196 

730CIV 

40 

43 S 

130 

06 

Mar 12 


71 9 S 

194 

667CIV 

38 

02 S 

97 

34 

Feb 

20 

22 2 W 



731 CIV 

40 

49 S 

130 

06 

Mar 12 

0 IE 



668CIV 

39 

22 S 

98 

28 

Feb 

21 

23 0W 



732CIV 

41 

01 S 

130 

08 

Mar 12 

0 2E 



669CIV 

39 

57 S 

99 

24 

Feb 

21 


70 9 S 

186 

733CIV 

42 

27 8 

130 

51 

Mar 13 

0 2E 



670CIV 

40 

04 S 

99 

35 

Feb 

21 

23 7 W 



734CIV 

43 

30 S 

130 

58 

Mar 13 


73 9 8 

175 

671 CIV 

41 

48 S 

100 

18 

Feb 

22 

25 6 W 



735CIV 

43 

50 8 

130 

55 

Mar 13 

0 2 W 



672CIV 

42 

43 S 

100 

31 

Feb 

22 


72 3 8 

174 

736CIV 

45 

41 8 

130 

50 

Mar 14 

0 7 W 



673CIV 

43 

07 S 

100 

36 

Feb 

22 

26 2 W 



737CIV 

46 

54 S 

130 

49 

Mar 14 


76 5 8 

152 

674CIV 

46 

31 S 

101 

36 

Feb 

23 


74 4 S 

159 

738CIV 

47 

08 8 

130 

51 

Mar 14 

1 2 W 



675CIV 

46 

48 S 

101 

43 

Feb 

23 

31 8 W 



739CIV 

48 

24 S 

132 

19 

Mar 15 

1 2 W 



676CIV 

47 

39 S 

101 

58 

Feb 

24 

32 6 W 



740CIV 

48 

56 8 

132 

54 

Mar 15 


77 8 8 

138 

677CIV 

47 

58 S 

102 

03 

Feb 

24 


75 2 S 

153 

741CIV 

49 

09 S 

132 

50 

Mar 15 

1 2 W 



678CIV 

47 

58 S 

102 

04 

Feb 

24 

33 4 W 



742CIV 1 

50 

20 S 

132 

56 

Mar 16 

1 8 W 



679CIV 

47 

55 S 

102 

56 

Feb 

25 

33 0 W 



743CIV 2 

50 

23 8 

132 

54 

Mar 16 


78 8 8 

128 

680CIV 

47 

48 S 

103 

50 

Feb 

25 


75 5 8 

153 

744CIV 

51 

00 8 

132 

42 

Mar 16 

1 4 W 



681CIV 

47 

51 S 

104 

08 

Feb 

25 

30 3 W 



745CIV 

53 

13 8 

132 

02 

Mar 17 

5 3 W 



682CIV 

49 

13 S 

104 

25 

Feb 

26 

33 7 W 



746CIV 

54 

11 8 

131 

54 

Mar 17 


80 9 8 

106 

683CIV 

50 

18 S 

105 

05 

Feb 

26 


76 5 S 

141 

747CIV 

54 

27 S 

132 

07 

Mar 17 

6 7 W 


' 

684CIV 

50 

35 S 

105 

19 

Feb 

26 

34 4 W 



748CIV 3 

54 

37 S 

132 

08 

Mar 17 

0 1 W 



685CIV 

52 

04 S 

106 

16 

Feb 

27 

36 5 W 



749CIV 

56 

36 8 

132 

54 

Mar 18 

SOW 



686CIV 

52 

SOS 

106 

49 

Feb 

27 


78 2 8 

129 

750CIV 

56 

36 8 

133 

17 

Mar 18 


82 6 S 

088 

687CIV 

53 

03 S 

107 

02 

Feb 

27 

37 4 W 



751CIV 1 

56 

37 S 

133 

27 

Mar 18 

8 2 W 



688CIV 

54 

13 S 

107 

29 

Feb 

28 

40 4 W 



752CIV 

56 

40 S 

134 

26 

Mar 19 

79W 



689CIV 

54 

69 S 

107 

38 

Feb 

28 


79 0 8 

122 

753CIV 

57 

08 S 

135 

48 

Mar 19 


82 7 8 

086 

690CIV 

57 

10 S 

108 

17 

Feb 

29 

45 9 W 



754CIV 

57 

13 8 

135 

50 

Mar 19 

4 6 W 



691CIV 

57 

17 S 

108 

36 

Feb 

29 


80 0 S 

112 

755CIV 

57 

25 8 

135 

53 

Mar 19 

53¥ 



692CIV 

57 

31 S 

108 

44 

Feb 

29 

45 4 W 



756CIV 

57 

08 S 

137 

54 

Mar 20 

2 9 W 



693CIV 

58 

49 S 

109 

20 

Mar 

1 

49 6 W 

. 


757CIV 

57 

11 8 

138 

57 

Mar 20 


82 4 S 

088 

694CIV 

58 

59 S 

109 

36 

Mar 

1 

49 7 W 



758CIV 

57 

12 8 

139 

10 

Mar 20 

0 2E 



695CIV 

59 

24 S 

110 

21 

Mar 

1 


80 6 8 

105 

759CIV 

56 

57 8 

142 

07 

Mar 21 

4 4 E 



696CIV 

59 

24 S 

110 

24 

Mar 

1 

50 6 W 



760CIV 

56 

50 S 

143 

28 

Mar 21 


82 1 S 

093 

697CIV 

59 

17 S 

110 

51 

Mar 

1 

50 5 W 



761CIV 1 

56 

52 S 

144 

33 

Mar 22 

6 8 E 



698CIV 

57 

46 S 

111 

59 

Mar 

2 

44 5 W 



762CIV 

56 

45 8 

144 

51 

Mar 22 


81 6 S 

097 

699CIV 

56 

22 8 

112 

32 

Mar 

2 


80 3 8 

108 

763CIV 

56 

41 8 

146 

57 

Mar 23 

USE 



700CIV 

56 

18 S 

112 

33 

Mar 

2 

41 8 W 



764CIV 4 

56 

32 8 

147 

24 

Mar 23 


81 3 8 

103 

701CIV 

54 

32 S 

113 

24 

Mar 

3 

36 2 W 



765CIV 

54 

35 8 

150 

40 

Mar 24 

14 3 E 



702CIV 

53 

26 S 

113 

50 

Mar 

3 


79 5 8 

118 

766CIV 

54 

10 8 

151 

30 

Mar 24 


79 IS 

126 

703CIV 

53 

25 S 

113 

51 

Mar 

3 

32 0 W 



767CIV 

54 

09 S 

151 

32 

Mar 24 

13 8 E 



704CIV 

53 

02 S 

114 

04 

Mar 

3 

31 2 W 



768CIV 

53 

07 S 

153 

50 

Mar 25 

15 8 E 



705CIV 

51 

34 S 

115 

56 

Mar 

4 

25 9 W 



769CIV 

52 

47 8 

154 

37 

Mar 25 


78 IS 

137 

706CIV 

51 

29 S 

117 

02 

Mar 

4 


79 3 S 

120 

770CIV 

52 

41 8 

156 

22 

Mar 26 

16 0E 



707CIV 

51 

27 S 

117 

34 

Mar 

4 

23 2 W 



771CIV 

52 

30 S 

156 

54 

Mar 26 


77 3 8 

145 

708CIV 

49 

43 S 

119 

50 

Mar 

5 

17 4 W 



772CIV 

51 

26 8 

159 

54 

Mar 27 

17 6 E 



709CIV 

48 

52 S 

120 

37 

Mar 

5 


78 0 8 

136 

773CIV 

50 

43 S 

161 

14 

Mar 27 


75 2 8 

163 

710CIV 1 

48 

36 S 

120 

53 

Mar 

5 

14 9 W 



774CIV 

50 

30 8 

161 

34 

Mar 27 

17 7 E 



711 CIV 1 

46 

46 S 

122 

28 

Mar 

6 

10 4 W 



775CIV 

48 

49 8 

163 

29 

Mar 28 

17 4 E 



712CIV 

45 

42 S 

123 

18 

Mar 

6 


76 0 8 

154 

776CIV 

48 

28 8 

164 

33 

Mar 28 


73 3 S 

183 

713CIV 

45 

11 S 

124 

56 

Mar 

7 

6 1 W 



777CIV 

48 

27 8 

164 

44 

Mar 28 

17 5 E 



714CIV 

45 

08 S 

125 

12 

Mar 

7 


75 5 S 

160 

778CIV 

48 

12 8 

167 

08 

Mar 29 

17 8 E 



715CIV 1 

45 

00 8 

125 

53 

Mar 

8 

5 7 W 



779CIV 

47 

40 8 

168 

10 

Mar 29 


72 0 8 

192 

716CIV 

44 

58 8 

126 

04 

Mar 

8 


75 6 S 

161 

780CIV 

47 

13 8 

169 

15 

Mar 29 

18 0E 



717CIV 

44 

58 S 

126 

09 

Mar 

8 

5 0W 



781CIV 

46 

39 S 

170 

32 

Mar 30 

18 3 E 



718CIV 

44 

44 S 

126 

23 

Mar 

9 

4 9 W 

• • 


782CIV 

45 

58 8 

171 

14 

Mar 30 


70 2 8 

208 

719CIV 

43 

58 S 

126 

37 

Mar 

9 


74 7 S 

168 

783CIV 

45 

50 8 

171 

22 

Mar 30 

17 8 E 



720CIV 

43 

448 

126 

40 

Mar 

9 

4 0W 



784CIV 

44 

59 8 

172 

31 

Mar 31 

17 6 E 



721CIV 1 

42 

OSS 

127 

36 

Mar 

10 

2 3 W 



785CIV 

44 

448 

172 

57 

Mar 31 


69 0 8 

217 

722CIV 

41 

36 8 

127 

59 

Mar 

10 


72 8 S 

185 

786CIV 

44 

31 S 

173 

04 

Mar 31 

17 4 E 

! 


723CIV 

41 

32 8 

| 128 

03 

Mar 

10 

0 8 W 



787CIV 

43 

38 8 

173 

08 

Apr 1 

17 2 E 

* 

* 


*Mean of two positions Swinging ship, starboard helm, 6 points 

•Declination obtained from observations on the moon 

*The horizontal-intensity values ranged from 0 098 to 0 110, indicating a disturbance of some kmd. 
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Ocean Magnetic Observations, 1905-16 
Cruise IV, PACIFIC OCEAN, 1916. 


Station 

Lat 

liong 
of Gr 

E 

Date 

Declina- 

tion 

Inclina- 

tion 

Hor 

Int 

Station 

cn 

m 

91 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 


o 

- 

0 

/ 

me 

o 

0 

c g s 


0 / 

o 

t 

1916 

0 

o 

c o s 

788CIV 1 

43 32 S 

172 

48 

May 10 

17 0E 

68 OS 

225 

857CIV 

1 12 S 

186 

50 

Jun 

24 


3 9 S 

352 

789 CIV 

43 33 S 

172 

56 

May 17 

16 3 E 



858CIV 

0 55 S 

186 

45 

Jun 

24 

8 5 E 



790CIV 

43 

41 S 

174 

07 

May 18 

17 2 E 



859CIV 

0 17 N 

186 

11 

Jun 

25 

8 7 E 



791 CIV 

43 

54 S 

174 

40 

May 18 


68 OS 

223 

860CIV 

0 44 N 

186 

03 

Jun 

25 


0 4 S 

348 

792CIV 

43 

57 S 

174 

43 

May 18 

17 2 E 

. 


861CIV 

0 52 N 

185 

58 

Jun 

25 

8 6 E 



793CIV 

43 

07 S 

174 

19 

May 19 

17 IE 



862CIV 

1 42 N 

185 

05 

Jun 

26 

8 6 E 



794CIV 

42 

58 S 

174 

13 

May 19 


67 5 S 

229 

863CIV 

2 27 N 

184 

24 

Jun 

26 


3 1 N 

349 

795CIV 

43 

36 S 

175 

40 

May 20 

17 2 E 



864CIV 

2 40 N 

184 

10 

Jun 

26 

8 3 E 



796CIV 

43 

43 S 

176 

11 

May 20 


67 6 S 

227 

865CIV 

3 54 N 

183 

12 

Jun 

27 

9 2 E 



797CIV 

43 

59 S 

176 

34 

May 21 

17 6 E 



866CIV 

4 52 N 

182 

45 

Jun 

27 


7 6 N 

343 

798CIV 

43 

55 S 

176 

55 

May 21 


67 7 S 

226 

867CIV 

5 10N 

182 

37 

Jun 

27 

8 9 E 



799 CIV 

43 

55 S 

177 

40 

May 22 

17 6 E 



868CIV 

6 48 N 

181 

56 

Jun 

28 

8 8 E 



800CIV 

44 

10 S 

178 

51 

May 22 


67 6 S 

226 

869CIV 

7 52 N 

181 

36 

Jun 

28 


13 1 N 

334 

801CIV 2 

44 

14 S 

179 

08 

May 22 

17 6 E 



870CIV 

8 15 N 

181 

22 

Jun 

28 

9 OE 



802CIV 

43 

57 S 

181 

24 

May 22 

17 9 E 



871 CIV 

9 49 N 

180 

40 

Jun 

29 

9 2 E 



803CIV 

43 

25 S 

182 

08 

May 22 


66 6 S 

233 

872CIV 

10 50 N 

180 

14 

Jun 

29 


17 9 N 

324 

804CIV 

43 

16 S 

182 

18 

May 22 

17 4 E 



873CIV 4 

11 11 N 

179 

50 

Jun 

29 

9 4 E 



805 CIV 

41 

47 S 

184 

05 

May 23 

16 7 E 



874CIV 

12 44 N 

179 

13 

Jul 

1 

9 IE 



806CIV 

41 

00 S 

184 

30 

May 23 


63 9 S 

248 

875CIV 

13 06 N 

178 

59 

Jul 

1 


21 2 N 

314 

807CIV 

40 

50 S 

184 

36 

May 23 

16 6 E 



876CIV 

13 17 N 

178 

52 

Jul 

1 

8 4 E 



808CIV 

39 

57 S 

185 

39 

May 24 

16 7 E 



877CIV 

14 29 N 

177 

36 

Jul 

2 

9 IE 



809CIV 

39 

45 S 

185 

47 

May 24 


62 6 S 

258 

878CIV 

15 00 N 

176 

36 

Jul 

2 


23 7 N 

312 

810CIV 

39 

42 S 

185 

47 

May 24 

16 2 E 



879CIV 

15 03 N 

176 

23 

Jul 

2 

9 OE 



811CIV 

37 

26 S 

186 

25 

May 25 

15 7 E 



880CIV 

15 35 N 

174 

39 

Jul 

3 

9 OE 



812CIV 

37 

13 S 

186 

28 

May 25 

15 4 E 



881CIV 

15 43 N 

174 

17 

Jul 

3 


24 4 N 

311 

813 CIV 

36 

21 S 

186 

48 

May 25 


59 6 S 

272 

882CIV 

16 04 N 

172 

48 

Jul 

4 

8 6 E 



814CIV 

35 

59 S 

187 

01 

May 25 

15 2 E 



883 CIV 

16 30 N 

171 

51 

Jul 

4 


24 6 N 

311 

815CIV 

34 

06 S 

187 

18 

May 26 

14 2 E 



884CIV 

16 36 N 

171 

37 

Jul 

4 

8 IE 



816CIV 

33 

18 S 

187 

21 

May 26 


56 4 S 

288 

885CIV 

17 06 N 

170 

37 

Jul 

5 

8 0E 



817CIV 

33 

04 S 

187 

18 

May 26 

14 2 E 



886 CIV 

17 28 N 

169 

53 

Jul 

5 


25 6 N 

309 

818CIV 

31 

14 S 

186 

11 

May 27 

13 5 E 



887CIV 

17 37 N 

169 

32 

Jul 

5 

7 5 E 



819CIV 

3d 

42 S 

185 

06 

May 27 


53 8 S 

298 

888CIV 

18 06 N 

167 

59 

Jul 

6 

7 3 E 



820C1V* 

30 

59 S 

186 

02 

May 28 

13 6 E 



889CIV 

18 24 N 

167 

14 

Jul 

6 


26 ON 

311 

821CIV 

30 

58 S 

186 

26 

May 28 


54 IS 

298 

890CIV 

18 33 N 

167 

01 

Jul 

6 

6 7 E 



822CIV 

30 

36 S 

187 

45 

May 29 

13 2 E 



891CIV 

19 12 N 

165 

46 

Jul 

7 

6 5 E 



823CIV 

30 

33 S 

187 

56 

May 29 


52 8 S 

301 

892CIV 

19 32 N 

165 

03 

Jul 

7 


26 1 N 

313 

824CIV 

29 

07 S 

188 

15 

May 30 


51 6 S 

305 

893 CIV 

19 41 N 

164 

41 

Jul 

7 

6 7 E 



825CIV 

28 

56 S 

188 

48 

May 31 

13 IE 



894CIV 

20 17 N 

163 

30 

Jul 

8 

6 0E 



826CIV 

28 

42 S 

189 

47 

May 31 


51 3 S 

307 

895CIV 

20 22 N 

162 

50 

Jul 

8 


27 7 N 

309 

827CIV 

28 

41 S 

189 

54 

May 31 

13 3 E 

. 


896CIV 

20 24 N 

162 

36 

Jul 

8 

5 2 E 



828CIV 

27 

19 S 

191 

30 

Jun 1 

12 4E 



897CIV 

20 31 Nl 

161 

44 

Jul 

9 

4 9 E 



829CIV 

26 

32 S 

191 

36 

Jun 1 


47 7 8 

318 

898CIV 

20 24 N 

160 

58 

Jul 

9 


28 3 N 

307 

830CIV 

26 

17 S 

191 

37 

Jun 1 

12 2 E 

. 


899CIV 

20 22 N 

160 

43 

Jul 

9 

4 8 E 



831 CIV 

24 

57 S 

191 

41 

Jun 2 

12 OE 



900CIV 

20 07 N 

159 

56 

Jul 

10 

4 4 E 



832CIV 

24 

33 S 

191 

37 

Jun 2 


45 1 S 

324 

901CIV 

19 54 N 

159 

15 

Jul 

10 


26 5 N 

315 

833CIV 

24 

24 S 

191 

34 

Jun 2 

11 8 E 



902CIV 

19 49 N 

158 

59 

Jul 

10 

4 IE 



834CIV 

22 

25 S 

190 

57 

Jun 3 


42 5 S 

330 

903CIV 

19 29 N 

158 

05 

Jul 

11 

4 IE 



835CIV 

22 

22 S 

190 

56 

Jun 3 

11 5 E 


. 

904CIV 

19 17 N 

157 

31 

Jul 

11 


25 6 N 

317 

836CIV 

19 

30 S 

190 

04 

Jun 4 


38 4 S 

340 

905CIV 

19 08 N 

157 

11 

Jul 

11 

3 7 E 



837CIV 

18 

45 S 

189 

05 

Jun 5 

10 7 E 



906CIV 

18 28 N 

155 

51 

Jul 

12 

3 6 E 



838CIV 

18 

27 S 

189 

05 

Jun 5 


36 5 S 

345 

907CIV 

18 04 N 

155 

02 

Jul 

12 


23 1 N 

325 

839 CIV 

18 

23 S 

189 

05 

Jun 5 

10 4 E 



908CIV 

17 55 N 

154 

44 

Jul 

12 

3 2 E 



840CIV 

16 

08 S 

189 

31 

Jun 6 


32 6 S 

349 

909CIV 

17 20 N 

153 

29 

Jul 

13 

3 0E 



841 CIV 

16 

04 S 

189 

32 

Jun 6 

9 8 E 



910CIV 

16 58 N 

152 

42 

Jul 

13 


21 5 N 

329 

842CIV 

14 

37 S 

189 

33 

Jun 7 

9 9 E 



911CIV 

16 50 N 

152 

23 

Jul 

13 

3 2 E 



843 CIV 

14 

17 S 

189 

06 

Jun 19 

10 IE 



912CIV 

16 13 N 

151 

10 

Jul 

14 

2 7 E 



844CIV 

12 

32 S 

188 

58 

Jun 20 

9 6 E 



913CIV 

15 49 N 

150 

25 

Jul 

14 


19 ON 

335 

845CIV 

11 

30 S 

189 

13 

Jun 20 


24 4 S 

356 

914CIV 

15 39 N 

150 

07 

Jul 

14 

2 5 E 



846CIV 

11 

15 S 

189 

18 

Jun 20 

9 4 E 



915CIV 

14 54 N 

148 

41 

Jul 

15 

2 5 E 



847CIV 

9 

34 S 

189 

28 

Jun 21 

8 9 E 


* 

916CIV 

14 38 N 

147 

54 

Jul 

15 


16 6 N 

341 

848CIV 

9 

04 S 

189 

20 

Jun 21 


19 7 S 

357 

917CIV 

14 32 N 

147 

32 

Jul 

15 

2 2 E 



849 CIV 

8 

56 S 

189 

22 

Jun 21 

8 8 E 



918CIV 

14 00 N 

145 

45 

Jul 

16 


15 3 N 

347 

850CIV 

7 

15 8 

189 

06 

Jun 22 

8 9 E 



919CIV 

13 54 N 

145 

38 

Jul 

16 

1 9E 



851CIV 

6 

14 S 

188 

43 

Jun 22 


14 OS 

358 

920CIV 

13 52 N 

145 

30 

Jul 

16 

2 IE 



852CIV 

5 

518 

188 

35 

Jun 22 

8 6 E 



921CIV 

13 35 N 

144 

: 39 

Jul 

17 

2 IE 



853CIV 

4 

19 8 

188 

01 

Jun 23 

9 0E 



922CIV 

14 38 N 

144 25 

Aug 8 

1 3 E 



854CIV 

3 

23 S 

187 

50 

Jun 23 

. 

8 2 S 

357 

923CIV 

15 24 N 

144 14 

Aug 8 


18 3 N 

344 

855CIV 

3 

02 8 

187 

46 

Jun 23 

8 6 E 



924CIV 

16 48 N 

144 12 

Aug 9 


20 4 N 

343 

856CIV 

1 

51 S 

187 

09 

Jun 24 

8 4 E 



925CIV 

17 24 N 

144 30 

Aug 10 


20 9 N 

344 


Swinging ship off New Brighton Beach, N Z *Mean of two positions 

^Crossed 180th meridian, hence, date May 22 repeated ^Crossed 180th meridian, hence date June 30 o mi tted 
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Station 

Lat 

Long 
of C 

: E 

Ir 

Date 

Decima- 

tion 



Station 

Lat 

Long E 

of Gr 

Date 

Decima- 

tion 

Inclina- 

tion 

Hor 

Int 


o 

/ 

o 

r 

1916 

0 

o 

c g s 


0 

t 

© 

, 

1916 

0 

© 

c g s 

926CIV 

17 

26 N 

144 

33 

Aug 

10 

0 7E 



977CIV 2 

49 

00 N 

180 

23 

Aug 

30 

8 5 E 



927CIV 

17 

59 N 

144 

19 

Aug 

11 


22 3 N 

341 

978CIY 

49 

01 N 

180 

26 

Aug 

30 


60 9 N 

233 

928CIV 

18 

10N 

144 

14 

Aug 

11 

0 8E 



979CIY 

49 

32 N 

182 

34 

Aug 

31 


61 8 N 

228 

929CIV 

19 

12 N 

143 

36 

Aug 

12 

0 7E 



980CIV 

49 

34 N 

182 

47 

Aug 

31 

10 IE 



930CIV 

20 

14 N 

143 

35 

Aug 

12 


26 0 N 

338 

981 CIV 

49 

56 N 

184 

29 

Sep 

1 


62 5 N 

225 

931CIV 

23 

03 N 

144 

27 

Aug 

13 

0 5 W 



982CIV 

49 

58 N 

184 

37 

Sep 

1 

11 IE 



932CIV 

23 

56 N 

144 

30 

Aug 

13 


32 0 N 

328 

983CIV 

50 

46 N 

186 

56 

Sep 

2 

12 IE 



933CIV 

26 

29 N 

144 

35 

Aug 

14 

1 6 W 



984CIV 

51 

06 N 

188 

04 

Sep 

2 


63 4 N 

221 

934CIV 

26 

34 N 

144 

34 

Aug 

14 

1 6 W 



985CIV 

51 

22 N 

191 

04 

Sep 

3 

14 3 E 



935CIV 

27 

22 N 

144 

18 

Aug 

14 


37 7 N 

317 

98CCIV 

51 

35 N 

192 

29 

Sep 

3 


64 5 N 

217 

936CIV 

27 

38 N 

144 

14 

Aug 

14 

2 0 W 



987CIV 

51 

38 N 

192 

53 

Sep 

3 

15 4 E 



937CIV 

29 

32 N 

144 

07 

Aug 

15 

2 7 W 



988CIV 

51 

55 N 

195 

34 

Sep 

4 

16 6 E 



938CIV 

30 

10 N 

144 

00 

Aug 

15 


41 2 N 

313 

989CIV 

51 

58 N 

196 

21 

Sep 

4 


66 ON 

206 

939CIV 

30 

14 N 

144 

06 

Aug 

15 

2 7 W 



990CIV 

52 

28 N 

198 

39 

Sep 

5 

17 9 E 



940CIV 

30 

14 N 

144 

27 

Aug 

16 

2 7 W 



991 CIV 

52 

44 N 

199 

56 

Sop 

5 


66 6 N 

200 

941CIV 

30 

27 N 

144 

13 

Aug 

16 


41 9 N 

309 

992CIV 

52 

47 N 

200 

14 

Sep 

5 

18 7 E 



942CIV 

30 

34 N 

144 

07 

Aug 

16 

3 0 W 



993CIV 

53 

22 N 

203 

31 

Sep 

6 

20 4 E 



943CIV 

31 

49 N 

143 

31 

Aug 

17 

3 3 W 



994CIV 

53 

12 N 

204 

49 

Sep 

6 


67 6 N 

201 

944CIV 

32 

09 N 

143 

50 

Aug 

17 


43 6 N 

309 

995CIV 

52 

57 N 

208 

10 

Sep 

7 

21 9 E 



945CIV 

34 

35 N 

146 

38 

Aug 

18 


47 1 N 

294 

996CIV 

52 

53 N 

208 

50 

Sep 

7 

# 

68 2 N 

199 

946CXV 

36 

12 N 

149 

58 

Aug 

19 

3 3 W 



997CIV 

51 

33 N 

212 

48 

Sep 

8 


68 1 N 

201 

947CIV 

36 

40 N 

150 

54 

Aug 

19 


48 9 N 

286 

998CIV 

51 

16 N 

213 

14 

Sep 

8 

22 2 E 



948CIV 

38 

17 N 

153 

31 

Aug 

20 

2 7 W 



999CIV 

49 

49 N 

215 

28 

Sep 

9 

23 3 E 



949CIV 

38 

25 N 

153 

43 

Aug 

20 

2 4 W 



1000CIV 

49 

16 N 

216 

13 

Sep 

9 


67 ON 

210 

950CIV 

38 

SON 

154 

25 

Aug 

20 


50 9 N 

274 

1001CIV 

47 

42 N 

218 

15 

Sep 

10 

22 7 E 

« * 


951CXV 

40 

11 N 

156 

28 

Aug 

21 

1 9 W 



1002CIV 

46 

59 N 

218 

59 

Sep 

10 


65 8 N 

218 

952CIV 

40 

41 N 

156 

51 

Aug 

21 


52 8 N 

270 

1003CIV 

46 

49 N 

219 

09 

Sep 

10 

22 5 E 



953CIV 

42 

41 N 

158 

15 

Aug 

22 

1 7 W 



1004CIV 

45 

37 N 

220 

28 

Sep 

11 

21 9 E 



954CIV 

43 

03 N 

158 

34 

Aug 

22 


55 0 N 

264 

1005CIV 

45 

29 N 

220 

37 

Sep 

11 


65 ON 

.224 

955CIV 

43 

13 N 

158 

40 

Aug 

22 

1 5 W 



1006CIV 

45 

26 N 

220 

39 

Sep 

11 

21 3 E 



956CIV 

44 

24 N 

158 

59 

Aug 

23 

1 5 W 



1007CXV 

43 

44 N 

221 

35 

Sep 

12 

20 9 E 



957CIV 

45 

10N 

159 

26 

Aug 

23 


57 1 N 

254 

1008CIV 

43 

07 N 

221 

46 

Sep 

12 


63 6 N 

233 

958CIV 

45 

21 N 

159 

32 

Aug 

23 

1 7 W 



1009 CIV 

42 

26 N 

221 

49 

Sep 

12 

20 IE 



959CIV 

46 

20 N 

160 

12 

Aug 

24 

1 3 W 



1010CIV 

41 

31 N 

221 

43 

Sep 

13 

. , 

62 1 N 

240 

960CIV 

46 

27 N 

160 

38 

Aug 

24 


58 3 N 

249 

1011CIV 

41 

42 N 

221 

43 

Sep 

13 

20 2 E 



961CIV 

46 

54 N 

162 

58 

Aug 

25 

0 5 W 



1012CIV 

40 

54 N 

221 

45 

Sep 

14 


61 5 N 

242 

962CIV 

46 

57 N 

163 

19 

Aug 

25 


58 6 N 

246 

1013CIV 

40 

51 N 

221 

46 

Sep 

14 

19 7 E 



963CIV 

46 

57 N 

163 

27 

Aug 

25 

0 1 W 



1014CIV 

40 

48 N 

221 

54 

Sep 

15 

19 9 E 



964CIV 1 

47 

05 N 

165 

22 

Aug 

26 


58 8 N 

245 

1015CIV 

40 

48 N 

222 

03 

Sep 

15 


61 6 N 

242 

965CIV 

47 

03 N 

165 

21 

Aug 

26 

0 3E 



1016CIV 

40 

47 N 

222 

27 

Sep 

15 

19 5 E 



966CIV 

47 

14 N 

166 

54 

Aug 

27 

1 8 E 



1017CIV 

40 

41 N 

224 

04 

Sop 

16 

19 8 E 



967CIV 1 

47 

15 N 

167 

13 

Aug 

27 

1 7E 



1018CIV 

40 

39 N 

225 

18 

Sep 

16 


62 2 N 

242 

968CIV 

47 

18 N 

167 

49 

Aug 

27 


59 ON 

242 

1019CIV 

40 

38 N 

225 

38 

Sop 

16 

19 2 E 



969CIV 

47 

20 N 

168 

10 

Aug 

27 

2 3 E 



1020CIV 

40 

23 N 

227 

51 

Sep 

17 

19 8 E 



970CIV 

47 

25 N 

169 

02 

Aug 

28 

1 8E 



1021CIV 

40 

03 N 

229 

07 

Sop 

17 


62 5 N 

243 

971CIV 

47 

26 N 

169 

24 

Aug 

28 


58 9 N 

243 

1022CIV 

39 

56 N 

229 

27 

Sep 

17 

19 6 E 



972CIV 

47 

28 N 

169 

40 

Aug 

28 

3 3 E 



1023CIV 

39 

41 N 

230 

05 

Sop 

18 

19 5 E 



973CIV 

47 

42 N 

171 

42 

Aug 

29 


59 7 N 

239 

1024CIV 

39 

24 N 

231 

14 

Sep 

18 


62 2 N 

245 

974CIV 

47 

46 N 

172 

03 

Aug 

29 

4 0E 



1025CIV 

38 

34 N 

234 

24 

Sep 

19 

* * « 

62 1 N 

248 

975CIV 

48 

09 N 

174 

24 

Aug 

30 

5 4 E 



1026CIV 

38 

16 N 

235 

33 

Sep 

20 


62 4 N 

248 

976CIV 

48 

26 N 

176 

02 

Aug 

30 


60 2 N 

234 

1027CIV 

37 

46 N 

237 

25 

Sep 

21 

18 8 E 

•• 

.. . 


^Swinging ship. Crossed 180th meridian, repeating the date Aug 30, 1916 


SHORE MAGNETIC OBSERVATIONS FOR THE CARNEGIE WORK. 

EXPLANATORY REMARKS. 

The following results of shore magnetic observations, made during Cruises I 
and II of the Carnegie, 1909 to 1913, are extracted from Volume I, pages 76, 88, 91, 
92, 95-97, and Volume II, pages 28, 29, 43, 44, 47, 48, 50, 51, and 56-61. The 
same conventions are used as in those volumes, to which reference may be made if 
fuller information is desired (see also pp. 257-258 of present volume). These shore 
magnetic results were usually obtained in connection with the comparisons of ship 
and land instruments made at every port of call of the vessel. Sometimes additional 
observations were made, in view of the disclosure of local magnetic disturbances, or 
for the purpose of obtaining secular-variation data. 

The results of the shore observations made in connection with Cruise III are 
also added. Those for Cruise IV are to appear in a later volume. 

RESULTS OF SHORE MAGNETIC OBSERVATIONS. 1909-1914 

AFRICA. 


British South and Central Africa. 


Station 

Latitude 

Long 
East 
of Gr 


Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs'r 

I 

-local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o / 

o r 


h h 

h 

O f 

h h 

0 / 

h h 





Cape Town, A 

33 56 8 S 

18 29 

Mar 24, ’ll 

10 2, 12 2, 14 2 

27 38 OW 


. 

10 9, 117 

17576 

4 


CII 




Mar 24, 11 

15 8, 17 4 


27 35 4 W 


# 

14 7, 15 4 

17570 

4 


CII 




Mar 24, 11 


, 


. 


16 3, 16 9 

17582 

4 


CII 




Mar 25, 11 

9 0, 11 0 


27 38 6 W 

. 


9 6, 10 5 

17595 

2 


CII 




Mar 25, 11 

12 2, 14 0 


27 35 7 W 

. 


12 7, 13 5 

17585 

2 


CII 




Mar 27, 11 

9 6, 12 4 

. 

27 36.5 W 



10 2, 11 4 

17594 

2 


CII 




Mar 27, 11 

13 2, 15 6 


27 34 7 W 



13 8, 15 0 

17577 

2 


CII 




Apr 3, 11 




14.1, 14 7 

60 07 6 S 




El 2 

CII 




Apr 4,11 




9.5, 10 2 

60 04 7 S 




201 12 

CII 




Apr 4, 11 




10 6, 11 0 

60 04 6 S 




201 12 

CII 




Apr 18, 11 

12 8, 13 3 







4 


C II 




Apr 18,11 

13 8, 15 5 







4 


n tt 

Cape Town, B 

33 56.8 S 

18 29 

Mar 25, 11 

9 0, 11 0 





9 6, 10 6 

.17611 

8 


rj 




Mar 25, 11 

12 2, 14 0 

. 




12 7, 13 5 

17584 

8 


BJTI 




Mar 27, 11 

9 6, 12 4 



. 


10 2, 11 4 

17595 



CII 




Mar 27, 11 

13 2, 15 6 





13 9, 15 0 

17576 



CII 




Mar 28, 11 

12 8, 16 0 


27 35 5 W 



14 5 

17586 

8 


CII 




Mar 29, 11 

11 2, 15 1 

. 

27 38 2 W 

. 


13.5 

17596 

8 


CII 




Mar 30, 11 

9 9, 16 6 


27 37.1 W 

. 

. 

14 9, 16 0 

17621 

8 


CII 




Apr 3, 11 



. 

10 2, 115 

60 03 3 S 




201 12 

CII 




Apr 3, 11 


. 


13 3, 14 2 

60 05 4 S 




201 12 

CII 




Apr 4, 11 

* . 



9 6, 10 2 

60 04 4 S 




■TaTH 

CII 




Apr 4, 11 


. 


11 0, 12 8 

60 04 6 S 




El 2 

CII 




Apr 4, 11 

. * 

- 

. .. 

14 2 . . 

60 05 1 S 

• • . • 



El 2 

CII 




Apr 5, 11 

<• - 



10 7, 11.9 

60 05.0 8 

. 



El 2 

CII 




Apr 5, 11 

. 

. . 


13 2, 13 9 





El 2 

CII 




Apr 5, 11 

. 

. . 

. 

151 . 

60 04.8 S 




El 2 

C II 

Cape Town, C . . . . 

33 56 8 8 

18 29 

Mar 24, 11 


14.2 

27 39 2 W 

. 

* * ♦ « ^ 

10 8, 11.6 

17604 

2 


CII 




Mar 24, 11 

15 8, 17 4 

. 

27 37 6 W 


* . ♦ 

14.7, 15 4 

17596 

2 


CII 




Mar 24, 11 

.... 

. 

.. 



16 3, 16 9 

17602 

2 


CII 




Mar 25, 11 

9 0, 11 0 


27 431 W 


. . . . 

9 6, 10 6 

17596 

4 


CII 




Mar 25, 11 

12 2, 14 0 

.. 

27 40 4 W 


. . 

12 7, 13 6 

17590 

4 


CII 




Mar 27, 11 

9 6, 12 4 

. 

i tafaaa 


. . 

10,3, 11 4 

17602 

8 


CII 




Mar 27, 11 

13 2, 15 6 

. 

27 39 4 W 



13 9, 15 0 

17586 

8 


CII 




Mar 31, 11 

9 8, 13 8 


27 41 OW 

. 


11 6, 12 6 

.17624 

8 


CII 




Mar 31, 11 

14 5, 16 6 


27 370 W 


. . 

15 2, 16 1 

.17619 

8 


CII 




Apr 3, 11 

. . . 

. . 

. 

112 


. 

. 


172 156 

CII 




Apr 3, 11 

.... 

. . 

.. 

14 2 

60 02 9 S 




172 256 

CII 




Apr 6, 11 

. 



10 9, 11 6 

60 04 8 S 









Apr 6, 11 

...... . 

.. . 

156 . . 

60 03 9 8 





El 2 

El 2 

C II 
CII 
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Station 

Latitude 

Long 
East 
of Gr 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L. M T 

Value 

Mag’r 

Dip Circle 


0 / 

0 / 


h h h 

o / 


o / 

h h 

c g a 




Cape Town, D 

33 56 8 S 

18 29 

Mar 24/11 

10 2, 12 2, 14 2 

27 38.4 W 



10 9, 117 

17571 

8 


CXI 




Mar 24, 11 

15 8, 17 4 

27 35 2 W 



14 7, 15 4 

17563 

8 


CII 




Mar 24, 11 





16 3, 16 9 

17582 

8 


CII 




Apr 4, 11 



1 

60 01 3 S 




172 16 

CII 




Apr 4, 11 



EH - 

60 01 6 S 




172 55 

CII 




Apr 4, 11 



14 5 

60 03 3 S 

. 



172 16 

CII 




Apr 6, 11 


• 

141 

60 03 2 S 




172 56 



EUROPE. 

Great Britain. 



O / 

0 / 


h h h 

o / 

h h 

o / 

h h 

c a a 




Truro 

50 15 4 N 

354 58 

Oct 2/13 

12 8, 14 6 

17 21 0 W 

112 

66 28 8 N 

13 4, 14 3 

18772 

14 

14 1256 

CII 




Oct 3, 13 

10 0, 11 4 

17 16 8 W 

12 8 . 

66 27 8 N 

10 4, 110 

.18752 

14 

14 1256 

CII 

Falmouth, A 

50 10 N 

354 57 

Oct 20,09 

10 0, 11 9 

17 47.1 W 

14 5 

66 34 6 N 

10 6, 115 

18724 

2 

178 25 

Cl 




Oct 21,09 


. 

16 5(wt i) 

66 35 8 N 




189 9,10 

Cl 




Oct 22,09 

13 3, 14 9 

17 47.8 W 

9 3, 11 1 

66 32 7 N 

13 7, 14 5 

.18756 

4 

201 12 

Cl 




Oct 22,09 



16 5(wt *) 

66 33 0 N 




203 56 

Cl 


50 09 6 N 

354 57 

Sep 16,13 

112, 13 8, 14 8 

17 14 1 W 



12 2, 13 4 

18792 

4 


CII 




Sep 16,13 

16 9, 17.0 

17 10 8 W 



15 2, 16 2 

18802 

4 


CII 




Sep 17,13 

9 0, 10 9 

17 12 4 W 



9 7, 10 6 

18782 

4 


CII 




Sep 17,13 

. 




121, 13 4 

.18805 

2 


CII 




Sep 17,13 





14 7, 15 5 

18816 

2 


CII 




Sep 17,13 





16 6, 17 4 

18810 

2 


CII 




Sep 18,13 





9 7, 10 5 

18792 

2 


CII 




Sep 18,13 





115, 12 9 

18784 

2 


CII 




Sep 18,13 





14 0, 14 8 

18803 

2 


CII 




Sep 19,13 



10 7, 114 

66 26 3 N 




El 3 

CII 




Sep 19,13 



119, 12 4 

66 27 3 N 




El 3 

CII 




Sep 19,13 



13 3, 13 8 

66 27 4 N 




El 3 

CII 




Sep 19,13 



14 3, 14 8 

66 26 9 N 




El 3 

CII 




Sep 20, 13 



10 2, 10 6 

66 26 0 N 




El 2 

CII 




Sep 20,13 



10 8, 111 

66 26 2 N 




El 2 

CII 




Sep 20,13 



11 4, 11 8 

66 26 2 N 




El 2 

CII 




Sep 20, 13 



12 6, 13 0 

66 26 0 N 




El 2 

CII 




Sep 22, 13 



9 6, 9 9 

66 26 8 N 




El 2 

CII 




Sep 22,13 



10 3, 10 9 

66 27 4 N 




El 2 1 

CII 




Sep 22, 13 



11 4, 12 8 

66 26 6 N 




El 2 

CII 




Sep 22, 13 



13 0, 13 2 

66 25 6 N 




El 2 

CII 




Sep 24, 13 

9 9, 11 4, 12 3 

17 13 5 W 



10 5, 11 2 

.18779 

4 


CII 




Sep 24,13 

13 4, 13 6, 14 7 

17 14.2 W 



12 6, 13 1 

.18792 

4 


CII 




Sep 24,13 





13 9, 14 4 

18792 

4 


CII 




Sep 30,13 



15 0, 15 6 

66 24 9 N 




El 3 

CII 

Falmouth, B 

5010 N 

354 57 

Oct 21,09 

10 6, 14 5 

17 45 0 W 

16 5 

66 32 8 N 

12 8, 13 8 

18739 

4 

201 12 

Cl 




Oct 22,09 



101 . 

66 35 9 N 




189 9,10 

Cl 


50 09 6 N 

354 57 

Sep 18,13 

8 9, 10 8, 11 2 

17 10 7 W 


* 

9 6, 10 5 

.18788 

4 


CII 




Sep 18,13 

13 3, 13 6, 15 2 

17 15 7 W 



11 5, 12.8 

18781 

4 


CII 




Sep 18,13 




. , 

14 0, 14.8 

18798 

4 


CII 




Sep 22, 13 



9 8, 10 6 

66 27.1 N 




El 3 

CII 




Sep 22, 13 

, 


12 1, 13.1 

66 26 1 N 




El 3 

CII 




Sep 22, 13 


. 

14 9, 15 5 

66 26 5 N 




El 3 

CII 




Sep 22, 13 



16 0, 16 4 

66 26 9 N 


. ( 


El 3 

CII 




Sep 24,13 

9 9, 11 4, 12 3 

17 12 4 W 


. 

10 4, 111 

18792 

14 


CII 




Sep 24,13 

13 4, 13 6, 14.7 

17 128 W 


. 

12 6, 13 1 

18792 

14 


CII 




Sep 24,13 

. , 




13 9, 14 4 

18796 

14 


CII 




Sep 25, 13 



9.4, 10 0 

66 26 1 N 

, , , 



El 3 

CII 




Sep 25, 13 


,, . ... 

10 9, 119 

66 25 5 N 




El 3 

CII 




Sep 25, 13 

. , 


12 6 

66 25 1 N 




El 3 

CII 

Falmouth, C 

50 09 6 N 

354 57 

Sep 15,13 

15 0, 16 9, 17 8 

17 10.8 W 

, 

, . . 



4 


CII 




Sep 16,13 

13 8, 14 8 

17 117 W 



12 2, 13 4 

18775 

2 


CII 




Sep 16,13 

16 9, 171 

17 08 2 W 



15 2, 16 2 

18783 

2 


CII 




Sep 17,13 

116, 13 8, 14 3 

17 15 4 W 

. , . 


12 1, 13 4 

.18789 

4 


CII 




Sep 17,13 

15 8, 16 2, 17.7 

17 10 7 W 

, 


14 7, 15.5 

18805 

4 


CII 




Sep 17,13 





. , . 

16 6, 17 3 

18799 

4 

•• 

CII 
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Ocean Magnetic Observations, 1905-16 


EUROPE. 

Great Britain — Concluded. 


Station 

Latitude 

Long 
East 
of Gr 

D 


Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

ate 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o r 

0 / 



h h h 

o / 

h h 

o t 

h h 

c g 8 




Falmouth, C — Continued 

50 09 6 N 

354 57 

Sep 

17/13 

91, 10 9, 116 

17 12 4 W 

. 


9 7, 106 

18772 

2 


CII 




Sep 

17, 13 

13 8, 14 3, 15 8 

17 12 5 W 





2 


CII 




Sep 

17, 13 

16 2, 17 7 

17 09 4 W 


, 



2 


CII 




Sep 

18, 13 

8 9, 10 8* 112 

17 09 6 W 





2 


CII 




Sep 

18, 13 

13 3, 13 6, 15 2 

17 14 6 W 





2 


CII 




Sep 

19, 13 

. 


11 1, 11 6 

66 26 7 N 

, , 



El 2 

CII 




Sep 

19, 13 

. 


12 0, 12 3 

66 26 8 N 

• • • • 



El 2 

CII 




Sep 

19, 13 



13 2, 13 5 

66 26 2 N 




El 2 

CII 




Sep 

19, 13 



13 9, 14 2 

66 26 2 N 

, 

# f 


El 2 

CII 




Sep 

20, 13 



9 9, 10 5 

66 27 3 N 




El 3 

CII 




Sep 

20, 13 



11 1, 11 6 

66 27 7 N 


, 


El 3 

CII 




Sep 

20, 13 



12 2 

66 27 5 N 




El 3 

CII 




Sep 

20, 13 


. 

12 9, 13 4 

66 28 0 N 




El 3 

CII 




Sep 

30, 13 



14 9, 15 2 

66 25 2 N 




El 2 

CII 




Sep 

30, 13 



15 4, 15 7 

66 25 2 N 




El 2 

CII 

Falmouth Observatory . 

50 09 0 N 

354 55 

Oct 

22, 09 

10 2, 12 3, 13 6 

17 48 7 W 

16 5 


10 7, 117 


2 

201 12 

Cl 




Oct 

22, 09 





14 3, 15 2 


2 


cx 




Oct 

29, 09 

111, 14 5 

17 48 9 W 

10 1, 16 3 

66 30 8 N 

118, 13 8 

18765 

4 

201 12 

Cl 




Sep 

22, 13 


. . 

10 0, 10 9 

66 19 7 N 




201 12 

CII 




Sep 

22, 13 



118 

66 22 6 N 




201 12 

CII 




Sep 

24, 13 

10 3, 12 0, 13 1 

17 15 4 W 



10 7, 11 7 

18794 

2 


CII 




Sep 

24, 13 

14 5, 14 9, 16 4 

17 14 0 W 



13 5, 14 2 

18808 

2 


CII 




Sep 

24, 13 





15 2, 16 0 

18802 

2 


CII 

St Anthony 

50 08 N 

355 00 

Oct 

25, 09 



121 

66 36 0 N 

12 8 

18745 

BOS 

203 56 

Cl 




Oct 

26, 09 

11 7, 13 3 

17 54 7 W 

121 

66 32 5 N 

12 6 

18741 

BOS 

203 56 

Cl 




Oct 

2, 13 

13 7, 15 7 

17 23 6 W 

116, 119 

66 26 0 N 

14 3, 15 2 

18783 

2 

El 2 

CII 




Oct 

3,13 

12 9, 14 8 

17 24 5 W 

16 5, 16 8 


13 5, 14 3 

18786 

2 

El 2 

C II 

Porthallow . ... 

50 04 3 N 

354 55 

Oct 

2, 13 

15 0, 16 4 

17 16 1 W 

10 4, 10 9 


15 5, 16 1 

18794 

4 

2011 

CII 




Oct 

3, 13 

9 3, 10 6 

17 12 2 W 

13 8 

66 24 8 N 

9 8, 104 

18774 

4 

201 1 

CII 




Norway. 



o / 

o / 



h h h 

o / 

h h 

o / 

h h 

cos 




Skibnoes Fiord 

70 44 3 N 

23 23 

Jul 

20/14 

86, 103 

1 25 2 W 

10 9, 112 

77 03 9 N 

91, 9 8 

11648 

25 

El 25 

C III 

Melko laland 

70 442 N 

23 35 

Jul 

21,14 

11, 2 6 

1 30 6 W 

3 9 to 5 3 

77 00 7 N 

15, 2 2 

11708 

25 

El 25 

C III 

Hammerfest, A . 

70 40 3 N 

23 40 

Jul 

7, 14 

13 9, 16 4 

1 38 8 W 

, , 

. t 

14 6, 15 9 

11772 

25 


C III 




Jul 

8, 14 

9 2, 116 

1 300 W 

, 

. 

9 7* 10 9 

11677 

25 


C III 




Jul 

8, 14 

12 0, 14 4 

1 35 6 W 



12 4, 14 0 

11696 

25 


C III 




Jul 

8, 14 

14 8, 16 5 

1 35 8 W 



15 1, 16 0 

11712 

5 


C III 




Jul 

9, 14 

9 5, 11 7 

1 313 W 



10 1, 11 3 

11689 

5 


C III 




Jul 

9, 14 

12 2, 15 0 

1 37 5 W 



12 8, 14 5 

11732 

5 


cm 




Jul 

10, 14 

20 5, 21 0 

1 36 2 W 

10 7 to 146 

76 56 1 N 



25 

El 3 

C III 




Jul 

10, 14 

20 6 to 20 9(dv) 

1 35 9 W 

15 4 to 17 8 

77 00 4 N 



25 

El 25 

C III 




Jul 

15, 14 

19.2 to 












Jul 

16, 14 

19 l(dv) 

1 31 4 W 





25 


C III 




Jul 

20, 14 

. 


11 9 to 21 8 

76 57 7 N 




El 3 

C III 




Jul 

21, 14 


. 

0 8 to 5 6 

76 59 3 N 




El 3 

C III 




Jul 

23, 14 

9 4, 11 2, 11 6 

1 32 3 W 



9 8, 10 9 

11690 

5 


C III 




Jul 

23, 14 

14 6, 14 8, 16 5 

1 37 0 W 



11 9, 14 2 

11697 

5 


C III 




Jul 

23, 14 


. 



15 2, 161 

11736 

5 


C III 

Hammerfest, B 

70 403 N 

23 40 

Jul 

7, 14 

13 9, 16 4 

1 44 2 W 



14 6, 15 9 

11760 

5 


C III 




Jul 

8, 14 

116 

1 37.4 W 



97, 10 9 

11671 

5 


C III 




Jul 

8, 14 

12 0, 14 4 

1 41 2 W 



12 4, 14 0 

11688 

5 


C III 




Jul 

8, 14 

14 8, 16 5 

1 421 W 

. 


15 1, 16 0 

11704 

25 


C III 




Jul 

9, 14 

9 5, 11 7 

1 36 0 W 

. . . 


10 1, 11 3 

11681 

25 


C III 




Jul 

9, 14 

12 2, 15 0 

1 42 3 W 

. . . 


12 8, 14 5 

11720 

25 


C III 




Jul 

10, 14 

. .. 


10 7 to 14 6 

76 576 NT 

, 

. 


El 25 

C III 




Jul 

10, 14 


. 

15 4 to 17 S 

76 59 6 N 

• * 



El 3 

C III 




Jul 

11, 14 

3 5, 8 8 

1 29 0 W 

9 7 to 10 5 

77 01 6 N 

11 0, 12 0 

11670 

25 

El 25 

C III 




Jul 

11, 14 

3 6 to 8 5(dv) 

1 29 7 W 

12 6 to 14 6 

77 01 5 N 

15 2, 16 3 

11700 

25 

El 25 

C III 




Jul 

11, 14 


. 

170 to 17 4 

77 00 6 N 




El 25 

C III 




Jul 

13, 14 


• 

9 2 to 12 

77 03 2 N 

10 2, 10 8 

11676 

25 

El 25 

C III 




Jul 

13, 14 

. 

. 

140 to 14$ 

77 02 6 N 

12 4, 13 6 

11672 

25 

El 25 

C III 




Jul 

13, 14 


. 

16 3, 16 

77 01 1 N 

15 3, 15 9 

11693 

25 

El 25 

C III 




Jul 

14, 14 

9 4, 112 

1 36 4 W 

. 


9 9, 10 9 

11676 

25 


C III 




Jul 

14, 14 

11 6, 13 0 

1 42 6 W 

. 

. 

119, 12 6 

11668 

25 


C III 




Jul 

14, 14 

13 7, 15 3 . 

1 420 W 


. 

141, 14 8 

.11706 

25 


C III 




Jul 

14, 14 

15 5, 16 9 

1404W 


* 

15 9, 16 6 

11732 

25 

. 

C III 
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Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o / 

o t 



h h h 

o r 

A h 

0 / 

A h 

c o a. 




Hammerfest, B — Continued 

70 403 N 

23 40 

Jul 

15,14 

9 0, 10 8, 11 0 

1 37 5 W 



9 4, 10 4 

11668 

25 


cm 




Jul 

15, 14 

12 9, 13 8 

mmblikvi 



113, 12 5 

11672 

25 


cm 




Jul 

17, 14 

9 5, 11 5 

1 40 0 W 



9 9, 111 

11678 

25 


CIII 




Jul 

17, 14 

11 7, 13 6 

1433W 



12 2, 13 2 

11687 

25 


cm 




Jul 

17, 14 

14 6, 16 5 

144 0W 



15 1, 16 1 

11703 

25 


CIII 




Jul 

17, 14 

16 6, 18 4 

1 44 5W 

» 


17 0, 18 0 

11714 

25 


cm 




Jul 

17, 14 

18 5 to 20 8(dv) 

1 43 9 W 





25 


cm 




Jul 

20, 14 

8 6 to 




9 0 to 








Jul 

21, 14 

5 5(22) 

1 38 9 W 


. 

6 0(19) 

.11703 

5 


cm 




Jul 

23, 14 

9 4, 11 2 

■123323 



9.8, 10 8 

11080 

25 


cm 




Jul 

23, 14 

11 6, 14 6 

1 41 2 W 


. 

119, 14 2 

11686 

25 


cm 




Jul 

23, 14 

14 8, 16 5 

1 41 5 W 


* 

15 2, 161 

11720 

25 


cm 

Hammerfest, Meridianstotten 

70 40 2 N 


Jul 

6, 14 

10 0, 12 1, 12 9 

1 26 5 W 

147 to 15 2 

76 53 0 N 

10 6, 117 

11754 

25 

El 25 

cm 

Haaien Island 

70 39 7 N 

23 28 

Jul 

20, 14 

18 6, 20 9, 21 1 

1 53 0W 

22 2, 22 6 


20 0, 20 6 

11799 

25 

El 25 

cm 

Hielmen Island 

70 39 3 N 

23 19 

Jul 

20, 14 

14 4, 16 0 

1 58 0 W 

16 5 to 17 0 

76 53 8 N 

15 1, 15 7 

11758 

25 

El 25 

cm 


NORTH AMERICA. 

United States. 



0 / 

o / 


h h h 

O ! 

A h 

0 / 

A h 

o g a 




Greenport, A 

41 06 4 N 

287 38 

Jun 28/09 

10.1, 116 

10 50 2 W 

89 

72 06 2 N 

10 5, 112 

18320 

4 

201 12 

JPA 




Jun 10, 10 



9 9. 10 5 

72 07 6 N 



. 

201 12 

CII 




Jun 10, 10 



111 ... 

72 07 8 N 




201 12 

CII 




Jun 11, 10 

12 9, 13 1, 14 9 

11 00.2 W 

, 


13 7, 14 4 

18305 

4 


CII 




Jun 11,10 

15 2, 15 6, 15 8 

10 59 7 W 

, 

. 

16.4, 17 0 

18318 

4 

. 

CII 




Jun 14,10 

14 4, 16 4, 17 7 

10 58 1 W 



149, 15 7 

18314 

4 


CII 




Jun 14, 10 





17 0 

18312 

4 


CII 




Jun 15,10 

9 6, 11 4, 12 7 

10 59 4 W 



10 1, 10 9 

18278 

4 


CII 




Jun 15,10 





118 

KEma 

4 


CII 




Jun 16,10 



101, 10 6 

72 06 9 N 




201 12 

CII 




Jun 16,10 



117 

72 05 8 N 




201 12 

CII 




Dec 17, 13 

14 2, 15 3 

11 21 9 W 

12 5, 12 8 

72 11 4 N 

14 6, 15 0 

18113 

4 

El 2 

CII 




Dec 17,13 




72 11 2 N 




El 2 

CII 




Dec 18,13 

9 3, 10 4 

11 17 9 W 

112, 114 

72 11 6 N 


18098 

4 

El 2 

CII 




Dec 18,13 



11 6, 11 8 

72 11 4 N 




El 2 

CII 




Oct 13,14 

9 5, 110 

11 21 1 W 

113 

72 12 5 N 


18044 

25 

El 25 

CIII 




Oct 13, 14 

13 6, 14 7 

11 24 2 W 

151, 15 3 

72 13 0 N 

13 8, 14 4 

18051 

25 

El 25 

CIII 

Greenport, B 

41 06 4 N 

287 38 

Jun 10, 10 

12 9, 13 3, 15 4 

11 03 2 W 



13 9, 14 8 

18333 

4 

, 

CII 




Jun 10,10 

15 6, 16 1, 16 4 

11 02 7 W 



16 8, 17 5 

18325 

4 


CII 




Jun 11,10 



10 0, 10 7 

72 07.0 N 

. 

. . . 


201 12 

CII 




Jun 11,10 



112 

72 07.1 N 

.... 

. . . . 


201 12 

CII 




Jun 13,10 

15 0, 16 6 




15 5, 16 2 

18338 

4 


CII 




Jun 13,10 



. . . . 


17 3, 18 1 

.18332 

4 


CII 




Jun 14,10 

9.7, 10 8, 11 7 

10 59 1 W 


. . 

10.2, 113 

.18297 

4 


CII 




Jun 17,10 

, , 


10 0, 10 9 

72 06 8 N 




201 12 

CII 




Jun 17,10 

. 


12 6 

72 04 8 N 

» . 

. , 



CII 

Derring Harbor 

4105 N 

287 39 

Dec 17, 13 

14 3, 16 2 

11 38 2 W 

12 3 

72 18 8 N 

14 8, 16 8 

18015 

2 

201 12 

CII 




Deo 18, 13 

6 6, 11 6 

11 39 0 W 

12 2 

72 17 3 N 

10 2, 11.2 

,17994 

2 


CII 




Oct 14, 14 

117, 12 8 

11 42 6 W 

11 2, 13 6 

72 20 2 N 

12 0, 12 5 

17951 

25 

E 

CIII 




Oct 14, 14 

13 9, 14 9 

11 43 6 W 

15 3, 16 4 

72 19.4 N 

14 2, 14 6 

.17962 

25 

• 

CIII 

New York, Bronx Park, A* 

40 51 7 N 

286 07 

Jul 14,09 

13 3, 14 7 

10 12 4 W 

12 0 

72 02 5 N 

13 7, 14 4 

18552 

4 

201 12 

JPA 




Jul 26,09 

15 0, 19 4 .. 

10 08 0 W 

. ■ . 

. , . . 




4 

. . . 

JPA 




Feb 25,10 

• • • 


15 6 

72 07 9 N 

. 

. . 

. 

201 12 

Cl 




Feb 26,10 

4 » * • • « 

6 » . 

12.5, 14 7 

72 05 8 N 


. . 


201 12 





Feb 28, 10 


,, ,, 

, , 

. 

12 3, 14 2 

18516 

2 

, . 

Cl 




Feb 28,10 


* . # • 


... 

15 0, 15.7 

18514 

2 


Cl 




Mar 1, 10 

. 

• f • 



11 0, 11 7 

.18496 

4 


Cl 




Mar 1,10 

• « « • • 

. ... 

. . . . . . 


13 9, 14 4 

18509 

4 

, , 

E39 




Mar 3,10 




, , , . , 


11 3, 12.0 

.18513 

4 


Cl 




Mar 3,10 

♦ 



... . 

.... 

14.4, 15 3 

.18520 

2 

. 

USE 




Mar 4, 10 

■n iEEEBl 

10 11 8 W 

. 






2 


in 




Mar 4, 10 

13 7 to 15.4(7) 

10 16 6 W 

. 

.... 



. . 

4 


CI 




Mar 10, 10 

13 7, 143 . . 

10 16 7 W 

. . . 

.... 



. . . 

4 

. . 

Cl 




Mar 12, 10 


... . 

105 .. 

lEHfi 


. . . 

- 

201 12 

CI 


"Local disturbance 
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Ocean Magnetic Observations, 1905-16 

NORTH AMERICA. 

United States — Concluded. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Declination 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


0 / 

O f 


h h h 

0 / 

h h 

O f 

h h 

c g 8 




New York, Bronx Park, B* 

40 51 7 N 

286 07 

Feb 24/10 



15 2 

72 07 4 N 




201 12 

Cl 




Feb 25, 10 



11 4, 13 3 





201.12 

Cl 




Feb 28, 10 





12 3, 141 

18527 

4 


Cl 




Feb 28,10 





15 0, 15 8 

18529 

4 


Cl 




Mar 1,10 





11 2, 12 1 

18516 

2 


Cl 




Mar 1,10 





13 7, 14 6 

18518 

2 


Cl 




Mar 3, 10 





112, 12 2 

18531 

2 


Cl 




Mar 3,10 





14 2, 151 

18522 

4 


Cl 




Mar 4, 10 

11 0 to 12 3(6) 

11 11 9 W 





4 


Cl 




Mar 4, 10 

13 7 to 15 5(7) 

11 17 7 W 





2 


Cl 




Mar 9, 10 

11 1, 12 1, 16 0 

11 13 0 W 





4 


Cl 




Mar 11, 10 

9 8 to 12 0(6) 


14 8 

72 07 3 N 



4 

201 12 

Cl 


SOUTH AMERICA. 

Argentina 



o r 

0 / 


h h h 

o r 

h h 

0 / 

h h 

c. g s 



— 

Pilar, Pier 1 

31 401 S 

296 07 

Jan 30/11 

9 2, 113 

9 09 4 E 



10 8, 151 

25702 

2 


CII 




Jan 30, 11 

14 6, 16 6 . 

9 13 2 E 



16 0 

25693 

2 


CII 




Jan 31,11 

9 0, 112 

9 09 6 E 



9 7, 10 7 

25703 

4 


CII 




Jan 31,11 

14 4, 17 6 

9 10 IE 



16 2, 171 

25658 

4 


CII 

Pilar, Pier S 

31 40 1 S 

296 07 

Jan 23, 11 



15 1, 16 6 

25 49 6 S 




201 12 

CII 




Jan 24,11 



97 

25 49 0 S 




201 12 

CII 




Feb 2,11 

. 

. 

9 6, 10 9 

25 50 9 S 




201 12 

CII 




Feb 2, 11 



12 0 

25 50 1 S 




201 12 

CII 




Feb 2,11 


. 

16 0, 17 0 

25 51 6 8 




El 2 

CII 




Feb 2,11 


. 

17 6 

25 51 8 8 




El 2 

CII 

Pilar, B 

31 40 IS 

296 07 

Jan 28, 11 

9 9, 121 

9 10 3 E 



10 4, 114 

25644 

4 


CII 




Jan 28, 11 

14 4, 16 4 

9 09 7 E 



15 0, 16 0 

25662 

4 


CII 




Jan 31,11 

9 0, 112 

9 08 6 E 



9 7, 10 6 

25694 

2 


CII 




Jan 31,11 

14 4, 17 6 

9 09 6 E 



16 3, 17 2 

25651 

2 


CII 




Feb 1, 11 

. . 


13 9, 14 5 

25 52 3 S 




El 2 

CII 




Feb 1, 11 

. . 


15 1, 16 2 

25 64 0 8 




El 2 

CII 




Feb 2,11 

. 


15 8, 17 0 

25 55 1 8 




201 12 

CII 




Feb 2,11 

. 


17 6 . 

25 55 3 8 




201 12 

CII 

Pilar, C . . . 

31 40 IS 

296 07 

Jan 28, 11 

9 9, 121 

9 100 E 



10 4, 113 

25658 

2 


CII 




Jan 28, 11 

14 3, 16 4 

9 09 2 E 



14 9, 15 9 

25670 

2 


CII 




Jan 30,11 

9 2, 113 

9 07 8 E 



9 8, 10 8 

25664 

4 


CII 




Jan 30,11 

14 6, 16 6 

9 11 2 E 


. 

15 1, 16 0 

25636 

4 


CII 




Feb 1, 11 



141, 15 0 

25 52 6 S 




201 12 

CII 




Feb 1, 11 

. . 

, 

16 2 

25 54 0 S 




201 12 

CII 




Feb 2, 11 

. . 


9 5, 11.0 

25 53 1 S 




El 2 

CII 




Feb 2, 11 


. 

12 0 

25 53 1 S 




El 2 

C II 

Buenos Aires, Victoria, 1911 

34 273 S 

301 27 

Feb 11,11 

16.4, 16 6 

6 02 8 E 





4 


CII 


Brazil 


o / 

0 / 


h h h 

© t 

h h 

0 t 

h h 





Pinheiro, A . 

1 17 9 S 

311 31 

Sep 29/10 

9 4, 11 1 

7 54 5 W 

, 


10 0, 10 8 

.29050 

4 


CII 




Sep 30,10 

9 4, 10 9 

7 509 W 

. 


9 9, 10.5 

29057 

4 


CII 




Sep 30, 10 

12 9,14 6 .. 

7 521 W 



13 3, 14.0 

29066 

4 


CII 




Oct 1, 10 

9 3, 10 8 . 

7 53 0 W 

. 


9 8, 10.4 

29087 

2 


CII 




Oct 1, 10 

12 7, 14 2 . 

7 51 5 W 

. 


13 1, 13 7 

29060 

2 


CII 




Oct 1, 10 

14 3, 15 6 

7 52 4 W 



14 7, 15 3 

29049 

2 


CII 




Oct 3, 10 

9 2, 10 7 

7 52 0 W 



9 6, 10 3 

29133 

2 


C II 




Oct 3, 10 

129,142 . 

7 52 2 W 



13 3, 13.9 

29082 

2 


C II 




Oct 3, 10 

14 6, 15 8 

7 53 4 W 



149, 15.5 

29060 

2 


CII 




Oct 6. 10 



101, 10 7 

23 03 1 N 




201 12 

CII 




Oct 6, 10 



112, 118 

23 02 2 N 




201.12 

CII 




Oct 6, 10 



13 7, 14 3 

23 08 8 N 




201 12 

CII 




Oct 6, 10 



149, 15 6 

23 13 4 N 




201 12 

C II 

Pinheiro, B . 

1 179 S 

311 31 

Oct 1, 10 

9 3, 10 7 

7 531 W 



9 8, 10 4 

29087 

4 


C II 




Oct 1, 10 

12 7, 141 

7 52 7 W 

• ♦ - 


13 1, 13 7 

29064 

4 


C II 




Oct 1, 10 

14 3, 15 6 

7 52 8 W 

.... 

. .. . 

146, 15.2 

29050 

4 


CII 


““Local disturbance 
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Ocean Magnetic Obsekvations, 1905-16 

SOUTH AMERICA. 

Brazil — C onduded 




Long 


Decimation 

Inclination 

Hor Intensity 

Instruments 


Station 

Latitude 











Obs’r 

of Gr 


Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o / 

0 / 


h h h 

0 / 

m 

O f 

h h 

c g s 




Rio de Janeiro, A 

22 58 7 S 

316 49 

Deo 9/10 

10 5, 12 3 

9 49 2 W 



11 1, 12 0 

24690 

4 


CII 




Dec 9, 10 


9 48 9 W 



14 9, 15 6 

24696 

4 


CII 




Dec 9,10 

16 2, 17 6 

9 50 4 W 



16 6, 17 2 

24690 

4 


CII 




Dec 10, 10 

88, 103 

9 516W 



9 2, 9 8 

24700 

2 


CII 





12 5, 14 4 

9 48 8 W 



12 9, 141 

24736 

2 


CII 




Dec 10, 10 

14 7, 161 

9 51 6 W 



15 1, 15 7 

24679 

2 


CII 




Dec 12, 10 

91, 10 8, 12 5 

9 48 0 W 



9 6, 10 3 

24724 

2 


CII 




Dec 12, 10 

13 9, 14 2, 15 7 

9 50 0 W 



12 8, 13 5 

24740 

2 


CII 




Dec 12, 10 

17 3, 17 6, 18 0 

9 49 8 W 



14 5, 15 2 

24712 

2 


CII 




Dec 12, 10 

18 3 

9 49 6W 





2 


CII 




Dec 13, 10 



14 4, 15 2 

14 478 S 




El 2 

CII 




Dec 13, 10 



15 8, 16 3 

14 49 2 S 




El 2 

CII 




Dec 14, 10 



10 6, 12 8 

14 48 8 S 




201 12 

CII 




Dec 14, 10 



13 6, 14 3 

14 49 3 S 




201 12 

CII 

Rio de Janeiro, B 

22 58 7 S 

316 49 

Dec 12, 10 

91, 10 8 

9 49 2W 



9 6, 104 

24728 

4 


CII 




Dec 12, 10 

12 4, 13 8 

9 48 0V 



12 9, 13 5 

24710 

4 


CII 




Dec 12, 10 

14 2, 15 7 

9 513W 



14 6, 15 2 

24702 

4 


CII 




Dec 13,10 



14 2, 15 1 

14 49 0 S 

. 



201 12 

CII 




Dec 13, 10 



15 7, 16 4 

14 51 0 S 




201 12 

CII 




Dec 14, 10 



10 6, 13 0 

14 49 7 S 


. 


El 2 

CII 




Dec 14, 10 



13 9, 14 8 

14 502 S 




El 2 

CII 




Dec 14, 10 



15 7, 16 5 

14 50 4 S 




El 2 

CII 




Dec 15, 10 



9 5, 10 2 

14 48 6 S 




El 2 

CII 




Dec 15, 10 



11 0, 11 5 

14 50 4 S 




El 2 

CII 




Dec 15, 10 



13 8, 14 5 

14 51 7 S 




El 2 

CII 




Dec 15, 10 



15 3, 16 1 

1451 7 S 




El 2 

CII 

Rio de Janeiro, C 

22 58 7 S 

316 49 

Deo 9, 10 

10 6, 12 4 

9 49 4W 



Ill, 119 

24712 

2 


CII 




Dec 9, 10 

14 5, 16 0 

9 48 4 W 



14 9, 15 6 

24712 

2 


CII 




Dec 9, 10 

16 2, 17 6 

9 502W 



16 6, 17 2 

24675 

2 


CII 




Dec 10, 10 

8 7, 10 3 

9 51 7 W 



9 2, 9 9 

24687 

4 


CII 




Deo 10, 10 

12 5, 14 4 

9 487W 



13 0, 14 1 

24707 

4 


CII 




Dec 10, 10 

14 6, 16 1 

9 513W 



151, 15 7 

24672 

4 


CII 



Chile. 

Coronel, A . 

0 / 

37 01 9 S 

o / 

286 50 

Nov 29/12 

h h h 

117, 15 2, 15 7 

o / 

15 45 8 E 

h h 

o r 

h h 

12 6, 14 8 

C 0 8 

26656 

2 


C II 




Nov 29, 12 

17 9, 18 2 

15 44 0 E 



16 2, 17 4 

26649 

2 


C II 




Nov 30, 12 

10 0, 12 0 

15 43 6 E 



10 4, 116 

26654 

2 


CII 




Nov 30, 12 

12 7, 13 6 

15 45 1 E 



14 0, 15 4 

26674 

19 


CII 




Nov 30, 12 

15 8, 16 2, 18 3 

15 45 6 E 



16 6, 17 8 

26664 

19 


CII 




Dec 1,12 

9 8, 11 6 

15 42 8 E 

. 


10 2, 11 3 

26668 

19 


CII 




Dec 2, 12 

. 


11 7, 16 0 

35 29 5 S 




19 1256 

CII 

Coronel, B 

37 01 9 S 

286 50 

Dec 3, 12 
Nov 28, 12 

6 0, 7 0, 9 6 

15 44 7 E 

10 1 

35 29 4 S 

10 0, 10 9 

26678 

2 

19 1256 

CII 

CII 




Nov 28, 12 

13 1, 17 5, 18 6 

15 46 0 E 



115, 12 6 

26673 

2 


C II 




Nov 28, 12 





14 3, 15 5 

26656 

2 


CII 




Nov 28, 12 





16 6 

26665 

2 


CII 




Nov 29, 12 

11 7, 15 2, 15 7 

15 44 5 E 



12 5, 14 8 

26676 

19 


CII 




Nov 29, 12 

17 9, 18 2 

15 44 0 E 



16 2, 17 3 

26666 

19 


C II 




Nov 30, 12 

10 0, 12 0 

15 44 2 E 



10 4, 11 6 

26690 

19 


CII 




Nov 30, 12 

12 7, 13 6 

15 45 2 E 



14 1, 15 4 

26670 

2 


CII 




Nov 30, 12 

15 8, 16 2, 18 3 

15 45 6 E 



16 6, 17 7 

26672 

2 


CII 




Dec 1, 12 

9 8, 11 6 

15 42 6 E 



10 2, 113 

26684 

2 


CII 




Dec 3, 12 



11 8, 14 4 

35 29 7 S 




19 1256 

CII 




Dec 3, 12 



16 3 

35 31 7 S 




19 1256 

CII 
















Results of Shore Magnetic Observations, 1909-14 
ISLANDS, ATLANTIC OCEAN. 

Bekmubas 
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Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Ilor Intensity 

Instruments 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 

o / 

o / 


h h h 

O f 

h h 

0 t 

h h 




32 17 6 N 

295 12 

Jan 10/10 

15 4 

10 46 0 W 




21061 

2 




Jan 11,10 

10 5, 12 4 

10 44 5 W 



11 1, 12 0 

21058 

2 




Jan 11,10 

13 9, 16 2, 16 7 

10 46 0 W 



14 5, 15 7 

.21062 

4 




Jan 12, 10 



10 4, 11 8 

67 20 5 N 




201 12 

32 17 6 N 

295 12 

Jan 10,10 



12 5 

67 248 N 




201 12 



Jan 11,10 

10 6, 12 4 




11 1, 12 0 

B 1 

4 




Jan 11, 10 

13 9, 16 2, 16 7 

10 52 6 W 





2 




Jan 12, 10 



13 7, 15 9 

67 24 3 N 




201 12 



Jan 18, 10 

9 9, 119 

10 47 4 W 



10 5, 11 4 

20979 

4 


32 15 9 N 

295 10 

Jan 22, 10 

10 5 

6 44 6 W 

14 5, 16 3 

64 56 8 N 

11 3, 12 4 

23297 

4 

189 9,10 

32 15 9 N 

295 10 

Jan 22, 10 

14 2, 16 5 

6 46 3 W 

10 6, 12 2 

64 56 4 N 

14 7, 15 7 

23291 

4 

189 9,10 


Station 


Agar’s Island, A* 


Agar’s Island, B* 


Hunt’s Island or Spectacle I" 
Hunt’slsland or Spectacle I,B* 


Falkland Islands 


Obs’r 


Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 


Port Stanley, A 
Port Stanley, B 


Port Stanley, C 


51 41 2 S 
51 41 8 S 


51 41 8 S 


302 10 
302 08 


302 08 


Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Fob 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 

Feb 


3/13 
6, 13 

6. 13 
10, 13 
10, 13 
10, 13 
10, 13 

10. 13 

11. 13 
11, 13 

11. 13 

12. 13 

12. 13 

13. 13 
13, 13 

13. 13 

14. 13 

14. 13 

17. 13 

20. 13 
20, 13 

20. 13 

7. 13 

7. 13 

8. 13 
8, 13 
8, 13 

10. 13 

11. 13 

11.13 

12. 13 

12. 13 

13. 13 
13, 13 

13. 13 

14. 13 
14, 13 
18, 13 

18. 13 

20. 13 
20, 13 


Akranes* . 
Kialarnes* 
Reykjavik, A * 


64 18 8 N 
64 13 9 N 
64 10 4 N 


337 54 

338 08 
338 05 


Sep 3, ’14 
Sep 3, 14 
Aug 28, 14 
Aug 28, 14 
Aug 28, 14 


h h h 

0 / 

h h 

o / 

h h 

c g s 



10 2, 12 4 

10 11 2 E 

14 2 

45 46 7 S 

10 9, 118 

26486 

19 

201 125 

9 6, 13 0 

10 16 6 E 



103, 11 1 

26472 

19 






11 8, 12 5 

26486 

19 


16 4, 17 4 

10 14 8 E 

113, 118 

45 50 8 S 



19 

El 2 



12 2, 12 5 

45 51 2 S 




El 2 



12 8, 13 1 

45 51 2 S 




El 2 



15 0, 15 4 

45 51 0 S 




El 2 

• 


15 6 

45 51 0 S 




El 2 



119, 12 3 

45 50 9 S 




El 2 



12 6, 15 7 

45 50 8 S 

. 



El 2 



161 

45 50 4 S 




El 2 

15 4, 171 

10 16 3 E 

10 9, 116 

45 53 7 S 

15 9, 16 7 

26479 

19 

El 3 



12 2, 12 9 

45 52 8 S 




EX 3 

10 2, 117 

10 15 2 E 



10 6, 11 3 

26450 

19 


12 2, 14 8 

10 18 7 E 



12 5, 14 5 

26454 

19 


15 4, 16 9 

10 16 3 E 



15 7, 16 5 

26478 

2 


9 8, 11 5 

10 16 8 E 



10 3, 11 1 

26471 

2 


12 0, 15 4 

10 18 2 E 



12 4, 14 9 

26474 

2 


16 5, 19 0 

10 14 6 E 





19 


7 7, 9 3, 13 1 

10 14 0 E 



9 8, 10 7 

26456 

19 






113, 12 7 

26453 

19 






141 

26456 

19 


10 9 

10 16 2 E 



11 4, 12 3 

26496 

19 






14 2 

26507 

19 




12 4, 12 9 

45 51 9 S 




El 2 



14 7, 15 1 

45 50 OS 




El 2 



15 6, 161 

45 50 7 S 




El 2 

6 7, 7 8 

10 12 3 E 





19 




12 0, 12 3 

45 51 9 S 




El 3 

‘ 


15 5, 16 0 

45 52 0 8 




El 3 

15 4, 171 

10 16 8 E 

10 9, 11 7 

45 52 8 S 

15.9, 16 *7 

26491 

2 

El 2 



12 3, 12 8 

45 52 4 S 




El 2 

10 2, 117 

10 14 5 E 



10 6, 113 

26460 

2 


12 2, 14 8 

10 17 2 E 



12.5, 14 5 

20470 

2 


15 4, 16 9 

10 17 4 E 



15 7, 16 5 

26460 

19 


9 8, 115 

10 15 8 E 



10 3, 11 1 

26450 

19 


12 0, 15 4 

10 16 9 E 



12 4, 14 9 

26462 

19 


11 6, 17 7 

10 14 8 E 



12 8, 15 2 

26470 

19 






15 9, 17 0 

26438 

19 




13 9, 14 2 

45 54 9 S 




El 3 



14 6, 14 9 

45 54 4 S 

*• 


** 

El 3 

Iceland 

h h h 

o t 

h h 

o r 

h h 

c g 8 



115, 12 7 

34 16 4 W 

10 7, 11 0 

75 36 6 N 

11 8, 12 4 

13102 

25 

El 25 

15 7, 16 9 

30 15 7 W 

17 5, 17 7 

76 06 0 N 

16 0, 16 6 

12452 

25 

El 25 

8 9, 10 8 

44 18 4 W 



9 4, 10 4 

11675 

5 


111, 13 0 

44 24 2 W 



11 5, 12 7 

11706 

5 


13 9, 16 2 

44 16 5 W 



14 7, 15 9 

11738 

5 



CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
C II 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 
CII 


cm 

C III 

cm 

c III 

cm 


’Local disturbance 
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ISLANDS, ATLANTIC OCEAN. 


Iceland — Concluded 




Long 


Decimation 

Inclination 

Hor. Intensity 

Instruments 


Station 












Obs'r 














of Gr. 


Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 



Q f 

o , 


h h h 

0 / 

h h 

0 / 

h h 

c g a 




Reykj avik, A * — Conti nued 

64 10 4 N 

338 05 

Aug 29, '14 

8 4, 10 5 

44 22 4 W 



9 1, 10 1 

11654 

25 


C III 




Aug 29, 14 

10 8, 12 7 

44 23 0 W 



111, 12 4 

11706 

25 


C III 




Aug 29, 14 

13 0, 14 8 

44 01 0 W 



13 3, 14 3 

11831 

25 


C III 




Aug 30, 14 



8 8 to 12 8 

76 59 7 N 

9 9, 10 7 

11686 

25 

El 25 

C III 




Aug 30, 14 



14 3 to 16 9 

76 51 0 N 

13 2 to 16 2 

11793 

25 

El 25 

C III 




Sep 1, 14 



9 0 to 10 8 

76 59 2 N 




El 25 

C III 




Sep 1, 14 



11 5 to 13 6 

76 58 7 N 




El 3 

C III 




Sep 2, 14 

8 5 to 16 2(9) 

44 18 0 W 



9 0 to 16 9 

11696 

5 


C III 




Sep 3, 14 

8 1 to 17 2(9) 

44 17 9 W 



8 6 to 16 8 

11688 

5 


C III 




Sep 4, 14 

8 2 to 15 0(5) 

44 17 0 W 



8 5 to 15 4 

11703 

5 


C III 




Sep 9, 14 

11 5, 11 9 

44 21 6 W 





25 


C III 




Sep 9, 14 

12 8, 13 3 

44 19 4 W 





25 


C III 




Sep 9, 14 

14 0, 14 5, 15 0 

44 14 5 W 





5 


C III 

Reykjavik, B* 

64 10 4 N 

338 05 

Aug 26, 14 

14 4 

43 01 W 





189 


C III 




Sep 9, 14 

114 . 

43 03 W 

114 

77 20 N 

114 

1138 

189 

189 7 

C III 

Reykjavik, C* 

64 104 N 

338 05 

Aug 26, 14 

14 7, 15 1 

42 14 W 





189 


C III 




Sep 9, 14 

10 8 

42 29 W 

10 9 

77 21 N 

10 9 

1133 

189 

189 7 

C III 

Reykjavik, D* 

64 10 4 N 

338 05 

Aug 26, 14 

15 4 

44 37 W 





189 


C III 




Sep 9, 14 

101 

44 39 W 

10 2 

77 31 N 

10 2 

1146 

189 

189 7 

C III 

Reykjavik, E* 

64 10 4 N 

338 05 

Aug 28, 14 

8 9, 10 8 

42 40 9 W 



9 4, 104 

11862 

25 


C III 




Aug 28, 14 

11 1, 13 0 

42 46 3 W 



114, 12 7 

11892 

25 


C III 




Aug 28, 14 

13 9, 16 2 

42 44 4 W 



14 6, 15 8 

11924 

25 


C III 




Aug 29, 14 

8 4, 10 5 

42 44 2 W 



9 0, 101 

11858 

5 


C III 




Aug 29, 14 

10 8, 12 7 

42 44 8 W 



111, 12 5 

11888 

5 


C III 




Aug 29, 14 

13 0, 14 8 

42 24 6 W 



13 3, 14 3 

12006 

5 






Aug 31, 14 



8 6 to 15 6 

76 53 4 N 

9 4 to 15 0 

11883 

25 

El 25 





Sep 1, 14 

14 1 to 19 0(dv) 

42 34 3 W 

9 0 to 10 8 

76 53 8 N 



25 

El 3 





Sep 1, 14 



11 5 to 13 6 

76 53 5 N 




El 25 

C III 




Sep 8, 14 

8 3 to 












Sep 9, 14 

8 6 (dv) 

42 39 5 W 





5 


C III 




Sep 9, 14 

115, 119 

42 43 9 W 

. 




5 


C III 




Sep 9, 14 

12 8, 13 4 

42 41 8 W 





5 


C III 




Sep 9, 14 

14 0, 14 5, 15 0 

42 37 3 W 





25 


C III 

Videy Island* 

64 104 N 

,338 08 

Sep 9, 14 

14 2 

44 09 W 

14 6 

79 37 N 

14 6 

0928 

189 

189 7 

C III 

Grotta* 

64 09 7 N 

337 59 

Sep 2, 14 

9 7, 11 1 

35 23 0 W 

11 9, 12 2 

76 34 8 N 

10 1, 10 8 

12236 

25 

El 25 

C III 


Madeiras. 


Funchal, A* 

Funchal, B* 

Funchal, C * 

Funchal, D* 

o / 

32 38 N 
32 38 N 
32 38 N 
32 38 N 

o r 

343 05 
343 05 
343 05 
343 05 

Nov 27/09 
Nov 27, 09 
Nov 27, 09 
Nov 27, 09 

h h h 

14 2 

14 3 

10 4, 11 1 

10 4, 11 1 

o $ 

20 24 9 W 
20 23 6 W 
18 23 0W 
17 00 3 W 

h h 

15 3 

15 3 

10 8 

10 8 

o r 

53 52 2 N 

53 52 4 N 

54 07 7 N 
54 13 0 N 

h h 

15 4 

15 4 

c g 8 
25384 
25280 

203 

201 

203 

201 

203 56 

201 12 

203 5 

201 1 

Cl 

Cl 

Cl 

Cl 



St Helena 




o / 

0 / 


h h h 

O f 

h h 

o t 

h h 





Longwood, A* 

15 56 7 S 

354 19 

Apr 8/13 

114, 12 7 

25 12 0W 



118, 12 4 

22126 

19 


CII 




Jun 26, 13 

12 0, 14 3, 16 2 

25 11 5 W 



14 7, 15 6 

22080 

4 


CII 




Jun 27, 13 

9 8, 12 0 

25 11.4 W 



10 4, 113 

22099 

4 


CII 




Jun 27, 13 

12 9, 15 0 

25 12 2 W 



13 2, 14 3 

22097 

4 


CII 




Jun 27, 13 

15 6, 17 4 

25 09.4 W 



16 0, 16 9 

22088 

2 


CII 




Jun 28, 13 

9 9, 12 1 

25 10.4 W 

. , 


10 4, 113 

22122 

2 


CII 




Jun 28, 13 

12 8, 14 6 

25 09 4 W 



13 2, 141 

22092 

2 


CII 




Jun 30, 13 



11 9, 13 2 

36 38 OS 





CII 




Jun 30, 13 



13 6, 14 2 

36 38 5 S 

. 



la 

CII 




Jun 30, 13 



14 6, 14 9 

36 38 9 S 




■3*9 

CII 




Jun 30, 13 

. . 


15 4, 15 7 

36 38 8 8 




El 2 

CII 




Jul 1, 13 



11 1, 12 0 

36 38 2 S 





CII 




Jul 1, 13 

. 


14 0, 14 7 

36 39 2 S 





CII 




Jul 1, 13 



151, 15 6 

36 39 6 S 




El 2 

CII 


♦Local disturbance. 
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ISLANDS, ATLANTIC OCEAN. 

St Helena — Concluded 


St ition 

Latitude 

Long 
East 
of Gi 

Date 

Declination 

Intimation 

Hor Intensity 

Instruments 

Obs'r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o / 

0 / 



h h h 

o r 

h h 

0 / 

h h 

c a s 




Longwood, A * — Continued 

15 56 7 S 

354 19 

Jul 

1/13 



16 0, 16 4 

36 39 8 S 




Er2 

C II 




Jul 

2, 13 

17 1, 17 6 

25 11 2 W 

10 5, 10 8 

36 38 0 S 



4 

El 3 

CII 




Jul 

2, 13 



112, 114 

36 37 6 S 




El 3 

CII 




Jul 

2,13 



116, 117 

36 37 6 S 




El 3 

CII 




Jul 

2, 13 



11 9, 12 1 

36 39 9 S 




El 3 

CII 




Jul 

2, 13 



13 4, 13 6 

36 39 1 S 




El 3 

CII 




Jul 

2, 13 



14 0, 141 

36 39 2 S 




El 3 

CII 




Jul 

2, 13 



14 3, 14 6 

36 39 2 S 




El 3 

CII 




Jul 

2, 13 



15 1, 15 4 

36 39 8 S 




El 3 

CII 




Jul 

2,13 



15 8, 16 1 

36 40 5 S 




El 3 

CII 




Jul 

2, 13 



16 4 

36 41 6 S 




El 3 

CII 




Jul 

7, 13 

10 4, 12 3, 13 1 

25 08 2 W 



10 9, 118 

22092 

2 


CII 




Jul 

7, 13 

14 6, 3 5 0, 16 8 

25 09 0 W 



13 5, 14 2 

22102 

2 


CII 




Jill 

7, 13 





15 4, 16 3 

22072 

2 


CII 

Longwood, B* 

15 56 7 S 

354 19 

Jun 

30, 13 



118, 12 3 

36 45 7 S 




El 3 

CII 




Jun 

30, 13 



13 2, 13 4 

36 45 7 S 




El 3 

CII 




Jun 

30, 13 



13 7, 13 9 

36 46 9 S 




El 3 

CII 




Jun 

30, 13 



14 2, 14 4 

36 46 6 S 




El 3 

CII 




Jun 

30, 13 



14 8, 15 0 

36 47 3 S 




El 3 

CII 




Jun 

30, 13 



15 4, 15 6 

36 47 0 S 




El 3 

CII 




Jun 

30, 13 



15 9 

36 482 8 




El 3 

CII 




Jul 

3, 13 

10 0, 115, 12 5 

24 43 8 W 

. 


10 4, 11 2 

22072 

4 


CII 




Jul 

3, 13 

13 5, 13 9, 15 0 

24 43 6 W 



12 8, 13 3 

22070 

1 4 


CII 




Jul 

3, 13 





14 2, 14 7 

22068 

4 


CII 




Jul 

3, 13 





15 6 

22059 

4 


CII 




Jul 

7,13 

10 4, 12 3, 13 1 

24 41 7 W 



10 9, 11 8 

22077 

4 


CII 




Jul 

7, 13 

14 6, 15 0, 16 8 

24 42 3 W 



13 5, 14 2 

22064 

4 


CII 




Jul 

7, 13 





15 4, 16 3 

22042 

4 


CII 




Jul 

15, 13 

10 2, 118 

24 42 8 W 





4 


C II 

Longwood, C * 

15 56 7 S 

354 19 

Jun 

26, 13 

12 0, 14 3, 16 2 

25 03 2 W 



13 0, 14 7 

21555 

2 


C II 




Jun 

26, 13 





15 6 

21550 

2 


CII 




Jun 

27, 13 

9 8, 12 0 

25 03 6 W 



10 4, 11 3 

21573 

2 


CII 




Jun 

27, 13 

12 9, 15 0 

25 04 6 W 



13 3, 14 3 

21568 

2 


CII 




Jun 

27, 13 

15 6, 17 4 

25 04 8 W 



16 0, 16 9 

21534 

4 


CII 




Jun 

28, 13 

9 9, 12 1, 12 8 

25 05 9 W 



10 4, 11 3 

21588 

4 


CII 




Jun 

28,13 

14 6, 16 8, 17 4 

25 04 7 W 



13 2, 14 2 

21557 

4 


CII 




Jul 

1, 13 



10 5, 10 9 

37 36 8 S 




El 3 

CII 




Jul 

1, 13 



112, 115 

37 36 9 S 




El 3 

CII 




Jul 

1,13 



13 8, 12 0 

37 36 1 8 




El 3 

CII 




Jul 

1,13 



12 2, 12 4 

37 37 3 S 




El 3 

CII 




Jul 

1,13 



13 8, 14 4 

37 36 9 8 




El 3 

CII 




Jul 

1, 13 



14 8, 15 2 

37 36 8 S 




El 3 

CII 




Jul 

1,13 



15 6, 15 8 

37 37 5 S 

, 



El 3 

CII 




Jul 

1,13 



16 2 

37 37 3 S 




El 3 

CII 




Jul 

2, 13 



115, 12 0 

37 345 8 




El 2 

CII 




Jul 

2, 13 



12 3, 12 6 

37 36 2 S 




El 2 

CII 




Jul 

2, 13 



13 3, 13 8 

37 36 8 8 




El 2 

CII 




Jul 

2, 13 



141, 14 4 

37 370 S 




El 2 

CII 




Jul 

2, 13 



15 2, 15 6 

37 37 6 S 




El 2 

C II 

Longwood, D* 

15 56 7 S 

354 20 

Jul 

8, 13 

15 4, 17 4 

26 07 2 W 



15 9, 17 0 

22805 

4 


CII 




Jul 

15, 13 



10 3, 10 8 

35 25 6 8 




201 12 

C IT 


West Indies 



0 / 

a t 


Culebra I , Scorpion Point 
Vieques, New Absolute Obsei - 

18 18 2 N 

294 41 

Aug 

vatory 

18 08 8 N 

294 33 

Jul 




Jul 




Jul 




Jul 




Jul 

Vieques, 1 

18 08 8 N 

294 33 

Jul 



h h h 

o / 

h h 

6, ’10 

10 2, 12 7 

2 54 1 W 

13 9, 171 

26, 10 



10 9, 116 

26, 10 



14 2 

29, 10 

10 0, 14 2, 16 2 

2 22 0 W 


30, 10 

9 6, 114 

2 20 4 W 


30, 10 

13 4, 15 0 

2 23 1 W 


27, 10 



10 3, 10 9 


0 / 

h h 

c g s 




50 26 7 N 

10 7, 12 3 

28436 

4 

201 12 

CII 

49 52 8 N 




201 12 

CII 

49 541 N 




201 12 

CII 


11 0, 15 2 

28822 

4 


CII 


10 2, 10 9 

28816 

2 


CII 


13 8, 14 5 

28835 

2 


CII 

50 00 0 N 



• 

201 12 

CII 


*Local disturbance 
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ISLANDS, ATLANTIC OCEAN. 

West Indies— Concluded. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


0 t 

o / 



h h h 

0 / 

h h 

O f 

h h 

c g 8 




Vieques, 1 — Continued 

18 08 8 N 

294 33 

Jul 

27, ’10 



116 

50 00 8 N 




201 12 

CII 




Jul 

28, 10 

9 9, 118 

2 24 2 W 



10 6, 11 4 

28848 

2 


CII 




Jul 

28, 10 

13 7, 15 4 

2 25 2 W 

. 


14 2, 15 0 

28831 

2 


CII 




Jul 

30, 10 

9 6, 11 4 

2 22 5 W 


, 

10 6 

28794 

4 


CII 




Jul 

30, 10 

13 3, 15 0 . 

2 24 7 W 


, 

14 2 

28783 

4 


CII 

Vieques, & 

18 08 8 N 

294 33 

Jul 

28, 10 

9 9, 11 9 

2 241 W 

. , 


10 6, 11 4 

28780 

4 


CII 




Jul 

28, 10 

13 7, 15 4 . 

2 24 8 W 


, . 

14 6 

28767 

4 


CII 




Jul 

29,10 

10 0, 11 9 

2 22 0 W 



10 6, 11 4 

28788 

2 


CII 




Jul 

29, 10 

14 2, 16 2 

2 24 2 W 



14 8, 15 6 

28750 

2 


CII 


ISLANDS, INDIAN OCEAN. 

Ceylon. 


Colombo, Cinnamon Gardena 
Colombo, A 


Colombo, B 


Colombo, C 


o / 

o / 


h h k 

0 / 

h h 

O f 

h h 

c g s 



6 58 IN 

79 52 

Sep 12,’ll 

12 7, 14 6 

2 02 2 W 


. 

13 2, 14 2 

37874 

4 




Sep 13,11 



10 7 

4 37 5 S 




201 256 

6 54 2 N 

79 52 

Jun 13,11 

10 6, 14 3, 14 7 

1 35 4 W 



11 4, 13 8 

37991 

4 




Jun 13,11 





15 2, 16 2 

37950 

4 




Jun 14, 11 

9 8, 10 0 

1 346 W 


♦ • 

10 7, 11 5 

38022 

4 




Jun 14,11 

10 3, 119 

1 34 4 W 


• • 



4 




Jun 14, 11 

■ 

1 35 6 W 

. . . 

. . . 

14 3, 16 0 

37981 

2 






1 35 6 W 

. 


10 8, 12 0 

37992 

2 




Jun 15,11 

■ 

1 34 7 W 


. 

14 1, 15 3 

38020 

2 




Jun 16, 11 

8 2, 9 8, 10 0 

1 341 W 



8 6, 9 5 

38031 

2 




Jun 16,11 

13 6, 13 8, 15 6 

1 35 3 W 

. 


10 3, 13 3 

37996 

2 




Jun 16,11 

16 9, 17 3 

1 342 W 

. 

* • 

14 3, 15 2 

38016 

2 




Jun 17,11 

. , . . 

. 

10 8, 11.4 

4 36 6 S 

... 

. 


El 2 



Jun 17,11 




12 3 

4 37.7 S 




El 2 



Jun 19,11 

10 0, 10 3 

1 368 W 

12 5, 13 2 

4 35 4 S 

, 


2 

201.12 



Jun 19, 11 

10.4, 10 7 . 

1 37 0W 

13 8, 14.5 

4 35 7 S 



2 

201 12 



Jun 27,11 

9 8, 112 .. 

1 35 6 W 

. . . 

« # 

10 5, 13 2 

38039 

2 




Jun 27,11 

12 6, 13 9 . 

1 37 4 W 


. . . 



2 




Jun 29, 11 

. . . . 

. . . 

11 0, 11 8 

4 37 OS 

• . 



El 2 



Jun 29, 11 





12 2, 12 7 

4 37 3 S 




El 2 



Jun 29,11 

. . 

. 

13 1, 15 3 

4 38 2 S 




El 2 



Jun 29,11 



. . 

161, 17 0 

4 39 0 S 




El 2 



Jun 29, 11 

. . 

. 

17 5 

4 39 3 S 




El 2 

6 54 2 N 

79 52 

Jun 16,11 

8 2, 9 8, 101 

1 30 8 W 

. ... 


8 6, 9 5 

38202 

4 




Jun 16,11 

13 6, 13 8, 15 6 

1 32 6 W 




10 4, 13 2 

38198 

4 




Jun 16, 11 


. . 

. . 


14 2, 15 2 

38184 

4 




Jun 19,11 

. . 


121, 12 6 

4 35 OS 




El 2 



Jun 19, 11 

... 

. . 

13 5, 14 0 

4 35 4 S 




El 2 



Jim 19, 11 

. 


14 8 

4 36 7 S 

. 



El 2 



Jun 20, 11 



. . 

9 8, 10 6 

4 33 6 S 

. 



El 2 



Jun 20,11 




113, 12 7 

4 35 7 S 




El 2 



Jun 20,11 



, 

13 2, 14 0 

4 36 8 S 




El 2 



Jun 20,11 

. . . 


148, 15 8 

4 38 4 S 




El 2 



Jun 21, 11 




11 0, 11 8 

4 36 6 S 

. 



El 2 



Jun 21,11 

.. . 


12 2, 13 6 

4 37 6 S 




El 2 



Jun 21,11 

... ... 


14 0, 14 6 

4 37 5 S 

# 



El 2 



Jim 21, 11 

. 

. . 

151, 15 6 

4 36 6 S 




El 2 




14 5, 16 0, 17 4 

1 32 1 W 

.... 


15 2, 16 9 

38206 

2 


6 54.2 N 

79 52 


10 5, 14 3, 14 7 

1 34 6 W 

. . . 

. 

11 5, 13.8 

37997 ! 

2 




Jun 13,11 

. . 

. 

, , 


15 3, 16 3 

.37999 

2 




Jun 14, 11 

9 8, 10 0 

1 35 6 W 

... 

. . . 

107, 11 5 

38052 

2 




Jun 14,11 

103,119 

1 35 8 W 





2 




Jun 14,11 

13 7, 16 6 

1 35 6 W 

• ♦ . 

... 

144, 15 9 

38000 

4 




Jun 15,11 

101, 12 5 

1 362W 



10 8, 121 

38020 

4 




Jun 15,11 

13 6, 15 8 

1 35 2 W 


... . 

141, 15 4 

38026 

4 



CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 

CII 
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ISLANDS, INDIAN OCEAN. 

Java. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Decimation 

Inclination 

Hor Intensity 

Instruments 

Obs'r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


0 / 

<? / 


h h h 

0 / 

h h 

o / 

h h 

C 0 8 




Weltevreden (Batavia), A 

6 11 OS 

106 50 

Nov 1/11 

, 


10 8, 11 5 

31 17 0 S 




El 2 

CII 




Nov 1,11 

, 


15 2, 15 8 

31 20 0 S 




El 2 

CII 




Nov 1,11 



16 4, 17 0 

31 20 4 S 




El 2 

CII 




Nov 4,11 

8 7, 11 3, 14 3 

0 41 6 E 



9 3, 10 8 

36700 

4 


CII 




Nov 4,11 

15 7, 17 0 

0 41 7 E 



14 8, 16 4 

36702 

4 


CII 




Nov 10, 11 

15 8, 16 1, 16 4 

0 45 0 E 


. , 

. 


4 


CII 

Weltevredcn (Batavia), B 

6 11 0 8 

106 50 

Nov 2,11 

, 


8 7, 9 6 

31 19 0 S 




El 2 

CII 




Nov 2,11 



10 2, 10 7 

31 18 5 S 

. 




CII 




Nov 2,11 



11 1, 12 0 

31 18 2 S 




El 2 

CII 




Nov 2,11 



12 6 

31 18 0 S 

, 



El 2 

CII 




Nov 3,11 

7 3, 8 5, 8 9 

0 42 3 E 



7 8, 9 6 

36738 

4 


CII 




Nov 3,11 

10 0, 10 3, 12 4 

0 45 0 E 



10 7, 12 1 

36718 

4 

, 

CII 




Nov 7,11 

71 

0 45 7 E 





4 


CII 

Weltevreden (Batavia), Pier A 

6 11 OS 

106 50 

Nov 7,11 

, 




20 0, 21 4 

36708 

4 


CII 




Nov 8,11 





20 5 

36717 

4 


CII 

Weltevreden (Batavia), Pier C 

6 11 0 S 

106 SO 

Oct 30, 11 





19 7, 21 2 

36735 

4 


CII 




Oct 31, 11 





19 5, 20 6 

36727 

4 

# 

Mil 

Weltevreden (Batavia), 













Decimation Pier 

6 11 0 S 

106 50 

Nov 2, 11 

20 9, 22 1 

0 47 6 E 





4 


CII 




Nov 3,11 

20 4, 20 5 

0 47 8 E 





4 


CII 




Nov 3,11 

20 9, 21 1 

0 47 0 E 





4 


CII 

Weltevreden (Batavia), 













Earth-Inductor Pier 

6 11 0 S 

106 50 

Nov 4,11 



21 4, 22.1 

31 19 5 S 




El 2 

S3 




Nov 10, 11 



19 4, 19 9 

31 20 0 S 



, 

El 2 

S3 




Nov 13, 11 

, , 


21 0, 21 6 

31 21 2 S 



, , 

El 2 

S3 




Nov 13, 11 



23 6, 24 1 

31 20 1 S 



• 

El 2 

m 


Mauritius 



o t 

o / 


h h h 

o / 

h h 

o t 

h h 

C 0 8 




Pamplemousses, A* 

20 05 6 S 

57 34 

Aug 12/11 

8 8, 11 8, 12 3 

9 23 9 W 



9 5, 10 2 

23317 

4 

* 

CII 




Aug 12, 11 





10 8, 11 4 

23318 

4 

# # 

CII 

Pamplemousses, B* 

20 05 6 S 

57 34 

Aug 8,11 

14 9, 16 5 

8 38 5 W 



15 7 

23129 

4 


CII 




Aug 9,11 

8 9, 10 0 

8 42 8 W 



9 6, 109 

23143 

4 


CII 




Aug 9, 11 

10 4, 11 4 

8 45 0 W 





4 


CII 




Aug 10, 11 

92 

8 41 3 W 



9 8, 103 

23148 

4 


CII 




Aug 14, 11 



10 6, 110 

54 27 6 S 




El 2 

CII 




Aug 14, 11 



11 6, 12 2 

54 27 8 S 




El 2 

CII 




Aug 14, 11 



14 9, 15 4 

54 26 9 S 





CII 




Aug 14, 11 



16 3, 17 0 

54 27 7 S 





CII 




Aug 15, 11 



7 6, 8 2 

54 27 2 S 





CII 




Aug 15, 11 



9.6, 10 1 

54 27 4 S 





CII 




Aug 15, 11 



10 6, 11 1 

54 27 0 S 





CII 




Aug 15, 11 



11 4, 12 5 

54 26 7 S 



• . 


CII 




Aug 15, 11 



12 9, 13 3 

54 27 0 S 




El 2 

CII 




Aug 15, 11 



15 1, 15 8 

54 27 0 S 




El 2 

CII 

Pamplemousses, C* 

20 05 6 S 

57 34 

Aug 9, 11 

14 5, 16 3, 16 5 

9 49 9 W 


, 

151, 15 9 

.23530 

4 


CII 




Aug 9, 11 





16 9 

.23522 

4 


CII 




Aug 10, 11 





113, 12 0 

23528 

4 


CII 




Aug 10, 11 




, 

15 7 

23519 

4 


CII 

Pamplemousses, D * 

20 05 6 S 

57 34 

Aug 11, 11 



9 4, 10 0 

53 24 8 S 





CII 




Aug 11, 11 



10,5, 11 1 

53 24 5 S 

. . 




CII 




Aug 11, 11 



11 5, 11 9 

53 23 9 8 




El 2 

CII 




Aug 11, 11 



14 7, 15 2 

53 22 7 8 




El 2 

CII 




Aug 11, 11 



15 7, 15 9 

53 23 3 8 




El 2 

CII 




Aug 12, 11 



14 8, 15 2 

53 22 2 S 





CII 




Aug 12, 11 



15 6, 15 9 

53 23 4 8 




El 2 

CII 


“Local disturbance 
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ISLANDS, PACIFIC OCEAN. 

Fiji Islands 


Suva You, A 


Suva You, B 


Latitude 

Long 

Date 

Declmati 

on 

Inclination 

Hor Intensity 

Instruments 

of Gr 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 

o r 

o i 


h h h 

0 / 

h h 

o / 

h h 

c g s 



18 07 1 S 

178 25 

Jun 13, ’12 

10 3, 12 8 

10 22 8 E 



10 8, 12 2 

34734 

4 




Jun 13, 12 

13 9, 16 1 

10 24 6 E 



14 3, 15 5 

34705 

4 




Jun 14,12 

10 6, 13 8 

10 22 9 E 



113, 13 4 

34731 

2 




Jun 14, 12 

14 2, 16 0 

10 23 6 E 



14 6, 15 5 

34708 

2 




Jun 19, 12 



10 3, 110 

38 27 8 S 




El 2 



Jun 19, 12 



11 5, 12 0 

38 28 4 S 




El 2 



Jun 19, 12 



13 4, 14 3 

38 28 0 S 




El 2 



Jun 19,12 



15 0, 15 6 

38 27 9 S 




El 2 

18 07 1 S 

178 25 

Jun 11, 12 

14 6, 16 4 

10 26 5 E 



15 3 

34652 

2 




Jun 12,12 

10 7, 12 0, 12 9 

10 23 7 E 



112, 13 4 

34677 

2 




Jun 12, 12 

14 3, 15 7 

10 26 2 E 



15 0 

34669 

2 




Jun 12, 12 

16 0, 17 1 

10 26 4 E 





2 




Jun 13,12 

10 3, 12 8 

10 25 0 E 



10 8, 12 3 

34672 

2 




Jun 13,12 

13 9, 16 1 

10 25 4 E 



14 4, 15 6 

34654 

2 




Jun 14,12 

10 6, 13 8 

10 24 8 E 



11 3, 13 3 

34666 

4 




Jun 14, 12 

142, 16 0 

10 24 8 E 



14 6, 15 5 

34683 

4 




Jun 15,12 

10 3, 10 6, 10 9 

10 24 2 E 





4 




Jun 15,12 

112, 11 9 

10 24 2 E 





4 




Jun 17,12 



13 0, 13 4 

38 28 8 S 




El 2 



Jun 17, 12 



13 9, 14 3 

38 28 8 S 




El 2 



Jun 17,12 



14 7, 15 1 

38 28 6 S 




El 2 



Jun 17,12 



15 6 

38 287 S 




El 2 



Jun 18, 12 



10 1, 10 6 

38 27 6 S 




El 2 



Jun 18, 12 



11 1, 118 

38 28 0 S 




El 2 



Jun 18, 12 



14 6, 15 1 

38 28 8 S 




El 2 


Philippine Islands 


Antipolo, A 


Antipolo, B 


Antipolo, C 


14 35 9 N 121 11 Feb ] 
Feb ] 
Feb : 
Feb : 
Feb : 
Feb : 
Feb : 
Feb : 
Feb : 
Feb 1 
Feb : 

14 35 9 N 12111 Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb : 

14 35 9 N 12111 Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb : 


92 

141, 16 2 
17 6, 17 8 
9 0, 10 5 
11 0, 11 3 
14 8, 10 3 
9 8, 11 0, 11 3 
13 8, 15 2 
7 3, 7 8 


12 0, 14 2, 14 4 

6 8, 7 0, 7 3 

7 6, 7 9, 81 
9 0, 10 5, 11 8 

11 7, 12 1, 14 6 


10 6, 10 9, 11 1 


o r 

h h 

o / 

h 


8 6, 9 0 

16 17 7 N 



9 5, 10 0 

16 16 8 N 



11 0, 11 6 

16 15 8 N 



12 0, 14 1 

16 16 7 N 



14 6, 14 9 

16 17 5 N 



15 3, 15 6 

16 18 0 N 


0 38.7 E 



99 

0 39 4 E 



14 7, 

0 39 8 E 




0 38 6 E 



96 

0 37 9 E 




0 43 4 E 



15 5 

0 40 9 E 



10 3, 

0 42 2 E 



14 6 

0429 E 




. 

14 3, 15 0 

16 08 6 N 



15 4, 16 1 

16 08 9 N 


. 

16 6, 17 1 

16 08 9 N 



8 9, 104 

16 07 8 N 


0 41 4 E 

16 2, 17 0 

16 09 3 N 



17 7 

16 10 5 N 


0 41 8 E 




0 41 5 E 




0 39 5 E 



97 




11 3, 

0 39 3 E 



14.1 

. 

11 0, 11 8 

16 11 2 N 



14 3, 15 0 

16 12 6 N 



15 6, 16 0 

16 13 0 N 



16 5 

16 13 8 N 


0 38 9 E 
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ISLANDS, PACIFIC OCEAN. 

Society Islands. 


Station 

Latitude 

Long 
East 
of Gr 

Date 

Declination 

Inclination 

llor Intensity 

Instruments 

Obs’r 

Local Mean Time 

Value 

L M T 

Value 

L M T 

Value 

Mag’r 

Dip Circle 


o / 

0 / 



h h h 

0 / 

h h 

o t 

h h 

c g a 




Papeete* 

17 31 8 S 

210 27 

Sep 

27, ’12 



14 8 





201 125 

CII 




Sep 

28, 12 

9 8, 116 

8 21 5 E 



10 4, 112 

33448 

4 


CII 

Small Coral Island (Papeete 














Harbor), A* 

17 33 0 S 

210 25 

Sep 

20, 12 



10 2, 11 0 

29 39 3 S 




El 2 

CII 




Sep 

20, 12 



12 6, 131 

29 37 6 S 




El 2 

CII 




Sep 

20, 12 



13 8, 14.5 

29 37 3 S 




El 2 

CII 




Sep 

20, 12 



15 1 

29 38 0 S 




El 2 

CII 




Sep 

23, 12 

9 0, 10 6, 10 8 

9 58 6 E 



9 8, 114 

33834 

2 


CII 




Sep 

23, 12 

12 1, 13 3, 14 5 

10 01 5 E 



13 9 

33810 

2 


CII 




Sep 

23, 12 

16 6, 17 8 

10 02 4 E 





2 


CII 




Sep 

24, 12 

9 6, 11 6, 12 8 

9 58 9 E 



10 1, 11 3 

33831 

4 


CII 




Sep 

24, 12 

14 5, 15 1, 16 6 

9 59 8 E 



13 2, 141 

33809 

4 


CII 




Sep 

24, 12 





15 5, 16 3 

33820 

4 


CII 




Sep 

25, 12 

9 4, 11 2, 11 4 

9 57 7 E 



9 8, 10 8 

33821 

2 


CII 




Sep 

25, 12 

13 6, 13 8, 15 6 




117, 13 2 


2 


CII 




Sep 

25, 12 





14 2, 15 2 

33808 

2 


CII 




Oot 

3, 12 

9 3, 114, 12 2 

9 58 IE 



9 9, 10 9 

33854 

19 


CII 




Oot 

3, 12 

13 6, 13 9, 15 3 





33857 

19 


CII 




Oct 

3, 12 





14 2, 14 9 

33854 

19 


CII 




Oct 

4, 12 

. 



29 36 4 S 




El 2 

CII 




Oct 

4, 12 



13 3, 13 7 

29 36 9 S 

, 



El 2 

CII 




Oct 

4, 12 



14 7, 15 4 

29 38 0 S 




El 2 

CII 




Oct 

4, 12 



16 0 

29 38 8 S 




El 2 

CII 




Oct 

10, 12 

05 

9 58 7 E 





19 


CII 




Oct 

10, 12 

1 0 to 6 0(dv) 

9 59 3 E 





19 


CII 




Oct 

10, 12 

6 1 

9 592E 





19 


CII 

Small Coral Island (Papeete 














Harbor), B* 

17 33 0 S 

210 25 

Sep 

19, 12 



10 6, 112 

29 38 9 S 




El 2 

CII 




Sep 

19, 12 



11 6, 12 8 

29 37 7 S 




El 2 

CII 




Sep 

19, 12 



141, 14 6 

29 36 6 S 




El 2 

CII 




Sep 

19, 12 



15 4, 16 0 

29 37 3 S 




El 2 

CII 




Sep 

21, 12 

9 7, 11 1, 11 3 




10 3, 12 5 

33890 

2 


CII 




Sep 

21,12 

13 2, 13 4, 14 9 

10 04 6 E 



141 

33863 

2 


nI 




Sep 

24, 12 

9 6, 116, 12 8 

10 05 0 E 



10 1, 11 3 

33858 

2 


CII 




Sep 

24, 12 

14 5, 15 1, 16 6 

10 06 4 E 



13 2, 14 2 


2 


CII 




Sep 

24, 12 





15 5, 16 3 

33850 

2 


CII 




Sep 

25, 12 

9 4, 11 2, 11 4 

10 02 3 E 



9 9, 30 8 

33892 

4 


CII 




Sep 

25, 12 

13 6, 13 8, 15 6 

10 04 3 E 



11 7, 13 2 

33880 

4 


CII 




Sep 

25, 12 

16 3, 17 6 

10 04 1 E 





2 


CII 




Sep 

25, 12 





141, 15 2 

33876 

4 


CII 




Sep 

20, 12 

9 3, 10 8 

10 01 7 E 





2 


CII 




Oct 

3, 12 

9 3, 114, 12 2 




9 8, 11 0 

33901 

4 


CII 




Oct 

3, 12 

13 6, 13 9, 15 3 

10 04 9 E 



12 5, 13 3 

33918 

4 


CII 




Oct 

3, 12 

, 




14 2, 15 0 

33898 

4 


CII 




Oct 

5, 12 



9 9, 10 5 

29 37 6 S 




El 2 

CII 




Oct 

5, 12 



11 0, 11 4 

29 36 8 S 




El 2 

CII 




Oct 

5, 12 



11 8, 13 2 

29 36 9 S 




El 2 

CII 




Oot 

5, 12 

, 


13 5, 14 2 

29 37 2 S 




El 2 

CTI 




Oct 

5, 12 



14 5, 15 0 

29 37 6 S 




El 2 

ran 




Oct 

5, 12 



15 5 

29 38 2 S 





CII 


*Loeal disturbance 








DESCRIPTIONS OF SHORE STATIONS, 1909-1914. 

One of the chief difficulties experienced by the observers of the Department of Terres- 
trial Magnetism in the reoccupation of old stations for secular-variation data has been the 
lack of information necessary to precise recovery of the point where the previous observa- 
tions were made. Owing to the frequent occurrence of local disturbances, it may readily 
happen that erroneous secular-variation data will result from non-recovery of exact station. 
Accordingly the observers of the Department are instructed to furnish as complete descrip- 
tions as possible of stations occupied, especially of such as give promise of future availability. 
Information additional to that contained in the published descriptions or copies of station- 
sketches or of photographs of surroundings will gladly be supplied to those interested in the 
reoccupation of any of the stations. 

The descriptions are given in alphabetical order under the same geographical divisions 
adopted in the preceding Table of Shore Results. The general form followed in the 
descriptions is: name of station, year when occupied, general location, detailed location, 
distances and references to surrounding objects, manner of marking, and finally the true 
bearings of prominent objects likely to be of permanent character. All bearings, unless 
specifically stated otherwise, are true ones, and are reckoned continuously from 0° to 360°, 
in the direction south, west, north, east. When no mention is made of marking of station, 
it is to be understood that the station was either not marked at all or not in a permanent 
manner. 

Most of the measured distances were made originally in the English system; however, 
the distances obtained by conversion into the metric system are also given, but inclosed in 
parentheses, so as to show that they are converted figures. The following rules have been 
adopted in the conversions: distances given to 0.01 foot are converted to the nearest 0.001 
meter, 0.1 foot to the nearest 0.01 meter, 1 foot to the nearest 0.1 meter, estimated feet or 
yards to nearest meter, estimated fraction of a mile to nearest 0.1 kilometer, and estima- 
tions of more than a mile to nearest kilometer. Short and important reference distances, 
when measured accurately, have been converted into nearest 0.1 centimeter; such measure- 
ments, however, as, for example, dimensions of marking-stones, etc., which are not of great 
importance, have been converted to the nearest centimeter. If a distance is given immedi- 
ately preceding an azimuth of a mark, it is to be interpreted as distance from the magnetic 
station to the mark. 


AFRICA. 

British South and Central Africa 

Cape Town , Cape Colony , 1911. — Four stations, A, B, C, 
and D y all in line with bottom of weather vane on hos- 
pital tower, were established in field belonging to the 
Valkenberg Mental Hospital; the field is back of 
North Lodge and bounded on north and west by Royal 
Astronomical Observatory, with avenue along western 
boundary leading to hospital Main station, A, is 
one-third kilometer northwest of hospital, 273 feet 
(S3 2 meters) from fence bounding avenue to west- 
ward, and same distance from fence bounding field to 
southward, marked by wood post projecting about 2 
feet 6 inches (76 cm ) above ground, center of post 
marking exact point True bearings: triangulation 
mark on Devil's Peak, 3 kilometers, 60° 06 '9; gable 
of lodge, 127° 0816; bottom of weather vane on hos- 
pital tower, 318° lli 8. £ is 98 4 feet (29 99 meters) 
nearer hospital than A. C is 90.7 feet (27 65 meteis) 
farther from hospital than A. D is 181 6 feet (55 35 
meters) farther from hospital than A. 
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EUROPE. 

Great Britain. 

Falmouth, England, 1909, 1913— Three stations, desig- 
nated A, B, and C, were occupied in 1913, A and B 
being reoccupations of 1909 stations. Main station A 
is cm fiat forming Trefusis Point, 11 meters from edge 
/ lun on , an ^> 41 6 meters from southeast post of 
football goal, and 37 6 meters from northwest post of 
goal, marked by cross m top of Oregon pine post sunk 
flush with ground. True bearings, sharp church 
spire on hilltop, 43° 29'3, center of St. Anthony 
Lighthouse tower, 308° 50i0; mam flagpole on Pen- 
dennis Castie, 339° 52^1 B is 20.15 meters north- 
west of A, on azimuth lrne produced from St Anthony 
Lighthouse tower, and 29 0 meters from northwest 
post of football goal C is 28.40 meters northeast 
of A, on azimuth line produced from church spire on 
hilltop * 

Falmouth Observatory, England, 1909, 1913 —Observations 
were made at Falmouth Observatory on bnck pier m 
the hut used for absolute observations, and used in 



Descriptions of Shore Stations, 1909-14 


311 


EUROPE. 

Great Britain — concluded 

Falmouth Observatory, England } 1909, 1913 — continued. 
1909 by Carnegie Institution of Washington A stone 
w set up on opposite hillside was used as mark This is 
permanent reference mark of observatory and is in 
true bearmg 4° 40 ' 7. 

Porthallowj England , 1913. — Practically a reoccupation of 
station of the British Magnetic Survey of 1890, m 
cultivated field just south of Roskorwell faimhouse on 
east side of St Keveme Road, 21 9 meters from stone 
boundary fence on west, 40 5 meters from east fence, 
and 40.5 meters from north fence True bearings: 
St Keverne Church spire, 5° 54 '6; extreme west edge 
of north chimney on house distant about 50 yards 
(46 meters), 22° 19 '2; extreme east gable of row of 
quarry workmen’s houses on hill, 315° 04 '4. 

St Anthony , England , 1909, 1913 — In southwest part of 
field belonging to Mr Spry, southwest of government 
signal station, southeast of fort on St Anthony’s 
Point, 4 2 meters east of brow of hill, and 39.5 meters 
southeast of fence post from which fence begins to 
make sudden dip towards water, next post west being 
near granite landmark on side of steep slope, not 
marked. This is practically a reoccupation of the 
station of 1909 True bearing: flagstaff on dome seen 
in direction of Pendenms Castle, 102° 53 '5. 

Truro , England , 1913 — Practically a reoccupation of sta- 
tion of British Magnetic Survey of 1890, m east corner 
of cricket and football field leased by Wesleyan College 
from Mr. Auckin, owner of Langbessow Farm, m 
St, Clements Rural; 25 4 meters from gate in east 
comer of field, 45 paces from most easterly goal post, 
6 meters from ditch along southeast side of field, and 
4.1 meters from boundary line along southeast side 
of playing field, marked by cross m top of tent peg 
driven flush with ground. True bearing: point on 
right end of red and white striped pavilion, 250 yards 
(229 meters), 90° 31 '9. 

Norway. 

Haaien Island 1914 — On extreme eastern end of island, 
at elevation of about 60 feet (18 meters); marked 
by cross cut m top of large flat rock True bearing* 
Melko lighthouse, 231° 05'7. 

Hammerfest, 1914 — Two stations, designated A and B, 
were established on a gentle slope about two-thirds 
of distance from shore to foot of mount am that rises 
abruptly to nortti of stations A is 310 4 meters 
north-northeast from granite pillar known as “mend- 
lanstotten” marking terminus of a meridian arc, about 
110 meters east-northeast of nearest point of seashore, 
about 12 6 meters east of nearest point of bank of small 
stream, and 16 60 meters west-southwest of nearest 
telephone pole True bearings meridianstotten, 10° 
29 '1; beacon on small island, 29° 45 '0, Grundvaag 
Lighthouse, 63° 35 '7, beacon on Haaien Island, 77° 
23 '9; flagstaff on hotel, 323° 26 '8; Lutheran Church 
spire, 333° 54' 8 B is 18 35 meters southeast of A, 
m azimuth 307° 24', 39 83 meters north-northeast 
from nearest comer of small shed nearly m line with 
granite pillar, 25 30 meters north of board fence, and 
16 26 meters south of nearest telephone pole True 
bearmgs* meridianstotten, 13° 35' 1, beacon on small 
island, 29° 56 ’7; flagstaff on hotel, 323° 38 '6; 
Lutheran Church spire, 334° 19 '0 

Hammerfest ( Meridianstotten ), 1914. — A close reoccupation 
of Axel S. Steen’s station of 1902, due south of merid- 
ian column on Fulgenaes Point, 9.42 meters from 
nearest edge of iron railing surrounding column, 12.05 
meters northwest of an angle m high board fence 
nearly m direction of spire of Lutheran Church used 


EUROPE. 

N orw ay — concluded . 

Hammerfest ( Meridianstotten ), 1914 — continued. 

as azimuth mark, marked by hole broken in a flat 
stone, 20 by 35 cm , which hes embedded m the ground 
True bearmgs. beacon on Fulgenaes Point, 45° 28 '6; 
Fulgenaes lighthouse, 48° 22 '5, cupola on Swedish 
consulate, 276° 44 '0, spire on Catholic Church, 307° 
10 '7, beacon on mountain, 310° 5714; spire on 
Lutheran Church, 322° 19 f 0. 

Htelmen Island , 1914 — At the northeast comer of island 
on a butte separated from higher portion of the land 
by a narrow gulch, at an elevation of approximately 
50 feet (15 meters), on a large flat ledge. True bear- 
ings. Melko Lighthouse, 246° 53 '3; Grundvaag Light- 
house, 321° 08' 0. 

Melko Island , 1914, — On southwest end of Melko Island, 
about 10 paces northwest of highest point of this 
portion of island on a line produced through this 
summit from the town of Hammerfest. To the north 
between station and mam portion of island is a low 
neck where the sea breaks across True bearmgs* 
beacon on Haaien Island, 60° 59 '9, Melko Lighthouse, 
185° 57 '0, meridianstotten, 299° 37 '9; spire on 
Lutheran Church, 304° 5CK0, staff on Fulgenaes 
Lighthouse, 306° 48 '6; cairn on mountain, 320° 26 '6; 
Lighthouse on Akkerfiord, 358° 04 '9. 

Skibnoes Fiord , Soro Island , 1914 — On a peninsula which 
juts out mto Soro Sund to southward and incloses 
Skibnoes Fiord, on a point about 60 feet (18 meters) 
west of edge of the hill which at this point is approxi- 
mately 70 feet (21 meters) high, about 150 feet (45 
meters) south of a small but deep gulch There is a 
low place where boats land to northward which 
separates largest part of peninsula from mam island. 
True bearings: Mylmgen Lighthouse, 260° 07 '8; 
Melko Lighthouse, 298° 17' 0, spire of the Lutheran 
Church, 302° 04 '4, west gable of white house on 
Birch Tree Fiord, 313° 13 '6; Grundvaag Lighthouse, 
358° 59 '.8. 

NORTH AMERICA 
United States 

Dernng Harbor, Shelter Island, New York , 1910, 1913. 
1914 — Carnegie Institution of Washington station ol 
1910 was reoccupied m 1913 and 1914 It is the north 
stone of true meridian line on 10-acre wooded tract 
located on bluff at southeast end of Dernng Harbor 
and belonging to Prof. Charles Lane Poor, of Columbia 
University. The two meridian stones are granite posts, 
dressed 6 by 6 inches (15 by 15 cm.) on top and about 
4 feet (1 meter) long, dressed portion extending about 
8 inches (20 cm ) from top Each is lettered on top 
“C I W. 1910” and has half-inch hole, drilled about 
2 inches (5 cm ) deep at center; these drill holes mark 
precise points The meridian line is approximately 
in middle part of level portion of tract, north stone 
being about 15 meters from edge of bluff, south stone 
57 6 meters from north stone. The following dis- 
tances were measured from north stone to copper 
nails driven m nearby trees, which form a triangle 
about station: north oak tree, 4 65 meters; east dead 
twin trees* 5 64 meters; west dead tree, 4 22 meters. 
True bearmgs. tip of tower of Union Chapel, Shelter 
Island Heights, 94° 4111; middle of top of tall chim- 
ney, Greenport water works, 130° 23:5: flagstaff at 
Greenport schoolhouse, 144° 18 .'0; middle top of tall 
chimney of Greenport Hygeia Ice Co , 151° 18 f 6; tip 
of spire of First Baptist Church, Greenport, 154° 15 .'3. 

Greenport, Long Island, New York, 1909, 1910, 1913, 1914 — 
Two stations, A and B , were occupied in 1909 and 1910: 
m 1913 and 1914 only A was occupied. A is identical 
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SOUTH AMERICA. 


United States — concluded 

Greenport, Long Island, New York, 1909, 1910, 1913, 1914— 
continued 

with United States Coast and Geodetic Survey station 
of 1904. It is in northern part of school grounds just 
south of row of large maple trees; marked by marble 
post lettered on top “USC&GS 1904, 1 ” with hole at 
center marking precise point Presbyterian Church 
spire is m true bearing 203° 22'2 Station B is 52 7 
feet (16 06 meters) from station A m hne from A to 
spire of Catholic Church Cathohc Church spire is 
in true bearing 45° 2714 

New York (Bronx Park), New York, 1909, 1910 —Station A 
in Botanical Gardens of Bronx Park, east of Botan- 
ical Museum and east of the Bronx River, at the 
highest pomt, and near center of open space south- 
east of stone hut The southwest comer of stone hut 
is distant 193 6 feet (59 02 meters), a lamp-post on the 
west side of park road is 74 6 feet (22 73 meters) to 
the east-northeast, and a second lamp-post is 93 2 feet 
(28 41 meters) to the southeast on the east side of 
park road The station of the U S Coast and 
Geodetic Survey is distant 129 5 feet (39 45 meters) 
to the west The station is marked by a heavy wedge 
about 16 inches (40 cm ) long, projecting about 4 
inches (10 cm ) above the general surface True bear- 
mgs: flagpole on police station, 128° 37' 0, southwest 
corner of stone hut, 166° 33 '8 An auxiliary station, 
B, was established on the hne joining the mam station 
with flagpole on police station of Precinct No 79, 
produced northwestwardly 67 3 feet (20 5 meters) 
This point is about 2J feet (0 8 meter) lower than the 
principal station and on the edge of a small bluff 


SOUTH AMERICA. 

Argentina 

Buenos Awes, Victoria, 1911 —Observations were made to 
northwest of Victoria Cemetery about 200 meters 
north of station of Argentine Meteorological Office 

Pilar, Cordoba, 1911 — Four stations, Pier 1, Pier 8, 
station B, and station C, were established at the 
Magnetic Observatory; all m hne with observatory 
mark No. 1 (black hne painted on stone pier) which 
is in true bearing 100° 14' 6 Pier 1, m absolute 
house, is 139 2 meters east of mark No 1, and is 
observatory station for absolute determinations of dec- 
lination and horizontal intensity Pier 8, m absolute 
house, is 9 02 meters east of Pier 1, and is observatory 
d absolute determinations of mchnation 

B is 33 04 meters east of Pier 8 m hne to mark No 1 
extended; marked by pier erected by observatory 
authorities. C is 28 1 meters east of B m hne to marl 
No. 1 extended, marked by pier erected by observa 
tory authorities. 


Brazil 

Jaburu, Bahia, 1913 — Three stations, designated A, . 
and C , were occupied on Itapanca Island west 
Bahia and south of small pier at brick works, betwe 
shore and road A is on beach 65 2 meters sou 
of south rail of narrow-gage railway running fro 
brick works to pier, 4 6 meters from well-defined sho 
lme, 6 6 meters from nearest of three coconut tre 
to northwest, and 16 6 meters east of wire fern 
True bearings, dome of prominent cathedral 

?n»° ia in?| 5 tx ? on San Antonio Lighthouj 

oroo io;?' r l?bt-hand tip of white cornice on ruir 
656 28 4 Primary station B is on hne from A 
white cornice on ruins, 30 43 meters from A, l 
meters from shore hne, 14 1 meters from fence on we 
side of road; marked by tarred post, 4 feet (1.2 metei 


Brazil — continued 

Jaburu , Bahia, 1913 — contmued 

long, and 3 by 5 inches (8 by 13 cm ) on top, lettered 
"C I W ” on south, and “1913” on north side, with cross 
near southwest corner of top to mark precise position, 
and set so as to project about 6 inches (15 cm ) above 
surface True bearings* north edge of round tower 
on hill above station, 82° 42 '9, church spire north of 
Bahia, 247° 24 '4, dome of prominent cathedral m 
Bahia, 285° 30'8, tip on San Antomo Lighthouse, 
308° 03 '1; right-hand tip of white cornice on rums, 
353° 28 '4 C is in line with stations A and B, 32 30 
meters south of B, 4 6 meters from the shore hne, 
4 85 meters and 9 57 meters from coconut trees to 
northeast and southwest respectively, and 9 72 meters 
from evergreen tree to southeast, marked by peg with 
cross cut m top True bearings tip on San Antonio 
Lighthouse, 307° 55' 1, right-hand tip of white cornice 
on rums, 353° 28' 4 


Pernambuco, Pernambuco, 1913— The United States 
Coast and Geodetic Survey station of 1907 was found 
obhterated by cuttmg away by ocean of shore of 
Isthmus of Olinda New station is within 150 yards 
(137 meters) of 1907 station and about midway 
between cable house and Port Buraco, but slightly 
nearei latter, 12 feet (3 7 meters) inland from ridge 
along sea side of isthmus, marked by 3 large wooden 
tripod pegs True bearings, center of dome of Arse- 
nal Mannha, 6° 19 '6, cross on old monument near 
cable house, 16° 11 '8, tallest yellow spire of church, 
25 48'2, red dome of Assembly Hall, 35° 59'7; chim- 
ney of Beltrao Sugar Refinery, 158° 36' 5; PicSo Light- 
house, 341° 14'0 


rmheiro, Para , 1910— Three stations, A, B, and C, were 
occupied at this point The stations are situated m 
the town of Pinheiro on the east bank of the Para 
River and about 10^ miles (16 kilometers) north of the 
city of Para Station A is the same as the Brazilian 
station of 1903 It is on the pomt of land directly in 
front of the SSo Sebastiao Church and 69 5 meters 
from its southwest corner, it is about 100 meters m the 
direction northeast from end of government wharf and 
about 10 meters from edge of steep river embankment 
I his station is marked by concrete blocks 28 cm 
square by 4J cm thick built up to a height of 76 cm 
On the top block there is a copper plate bearing the 
date of the Brazihan observations, name of the 
observer, latitude, longitude, and magnetic elements 
at the time of observation The exact point is at the 
edge of copper plate directly over second “R” m the 
word Directoria”, this pomt is 8 9 cm. from 
south edge of block and 11 8 cm from east edge 
Irue bearings* large brick chimney m Para, 1° 36 '2; 
!?ooon g /n a end , of shelter house on pier at Pinheiro, 
tn/o 20 oi x ip of s pire of S&> Sebastiao Church, 262° 
i fetation B is 15 6 meters from station A m the 
hne from station A to the large brick chimney m Para 
fetation C is 15 85 meters from station B in lme from 
station B to large brick chimney in Para 


Rio 


de Janeiro, Federal District, 1910— Three stations, 
A ’ a > G, were occupied at Freitas Beach They 
are on the beach about 250 meters west of present 
terminus of the Ipanema car hne from Rio de Janeiro, 

a? £ a8 o°T red san< ^ a ;^ ove tbe high-water mark, 
station a, the main station, is about 12 meters from 
tf, ra / S “d about 20 meters from ridge of a small 

® aa ? a°K th vl a?d u ar ^ 18 marked by a wood 
post 3 by 4 by 36 inches (8 by 10 by 91 cm ) True 

CoMovado^We^ie^landwardwiref^s^tSesTaD^Dole 

onS AQ,°a t0I Si 2 J 9 ° ®J'8, hghthouse on Raza Island, 
<wo 09 8. Station A is 23 6 meters 99° 52' 8 west of 
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Brazil — concluded. 

Rio de Janeiro , Federal District , 1910 — continued 

true south from station B, being in line of station B 
and landward wireless telegraph pole. Station C is 
18 3 meters from station B m line from station B to 
landward wireless telegraph pole. 

Chile 

Coronelj Concepcion, 1912 —Two stations, designated A 
and B, were occupied m vicinity of United States 
Coast and Geodetic Survey station of 1907 A, 
approximately same as 1907, is on sandy plain about 
three-fourths mile (1 2 kilometers) southeast of town, 
m line between slaughter-house and chimney of soap 
factory, about 100 meters west of sandy road lead- 
ing to slaughter-house, on small flat knoll about 1 5 
meters high and entirely bare of vegetation, and nearly 
m projected line of second street east of soap factory, 
marked by peg sunk below ground with empty glass 
bottles at side True bearings chimney at Lota 
Lighthouse, 25° 58'7; Puchoco Lighthouse, 104° 
29% chimney at soap factory, 150° 01'2, north gable 
of slaughter-house, 334° 58 '2 B is about 22 meters 
south 19° west from A ; marked by peg True bear- 
ings chimney at Lota Lighthouse, 26° 00% Puchoco 
Lighthouse, 114° 51 % chimney at soap factory, 
151° 35 '8, north gable of slaughter-house, 332° 00 '4. 

ISLANDS, ATLANTIC OCEAN 
Bermudas. 

Agar’s Island , 1910 — The principal Carnegie Institution 
of Washington station, A, is near the southwestern 
extremity of the island, about 150 feet (46 meters) 
from western extremity of spur extending westerly 
toward Two Rock Passage, about 35 feet (11 meters) 
from the south shore line and about 60 feet (18 
meters) from north shore line The spur is separated 
from mam part of island by a shallow cove Station 
marked by a native coral stone post 18 inches 
(45 cm ) long, projecting about 6 inches (15 cm ) 
above geneial surface, the projecting portion is 
squared to 10 by 10 inches (25 by 25 cm ) and 
covered with a very thin layer of cement, m which the 
diagonals are marked, the intersection of the 
diagonals defining the precise point The following 
true beai mgs were determined Gibbs IIill Lighthouse, 
27° 51 '6, clock (left) towei at the dockyard, 146° 
40 '9, flagpole at Port’s Island (naval quarantine), 
43° 32 '3 An auxiliary station, B, was established m 
1910, 106 3 feet (32 4 meters) almost due west of the 
principal station near extremity of projecting point 
of rock 

Hunt’s Island or Spectacle Island , 1910 — Station is 
near center of western part of island, m a low circular 
opening among trees where the soil is unusually deep ; 
there are trees about 25 feet (8 meters) to the east 
and a clump of bushes 12 feet (4 meters) to the west. 
Two large cedar trees stand, one 18 feet (5 5 meters) 
to the south, and the other 22 feet (6 7 meters) 
southwesterly The bare rock is about 12 yards 
(11 meteis) to the north through bushes, and about 
twice as far to the south The shore on the south is 
very flat, so that distance to water varies greatly 
with the tide Marked by a cedar post set about 
20 inches (50 cm ) in the soil and projecting slightly 
above surface with top marked by the letteis C I , 
made by driving in brass nails The following true 
bearmgs were determined 1 clock tower at dockyard, 
180° 34 '5, left edge of tank at north end of Boaz 
Bridge, 159° 18'3; vane on the lighthouse, 351° 25' 5 
An auxiliary station, B, 34 55 feet (10 53 meters) 
south of principal station, in exact line with clock 
tower at dockyard, was also occupied in 1910 


ISLANDS, ATLANTIC OCEAN 
Falkland Islands 

Port Stanley, East Falkland Island, 1913— Thiee stations, 
designated A, B, and C, were occupied A, the 
variation station” of British Admiralty, is on top of 
ridge at Navy Point in saddle between two clusters 
of outcropping rocks; marked by square stone pro- 
jecting about 1 foot (30 cm ) above ground and having 
piece of marble with hole at center and word “varia- 
tion” cut in, set in top True bearings, flagstaff 
above town, 41° 56% B, about 1 5 miles (2 kilo- 
meters), 63° 09(3; wireless mast, 302° 27'0 B is on 
hillside across bay from A, southwest of governor’s 
residence, and south of quarters of naval surgeon, in 
slight depression north of clump of gorse bushes, 21 2 
meters south of wire fence inclosing premises of naval 
surgeon Truebearmgs A, 243° 10'5, cathedral spire, 
270° 48'5 C is 50 5 meters true south 182° 51 '4 
west of B, 45 0 meters north of east-west fence 

Iceland 

Akranes , 1914 — On Akranes peninsula 9 7 nautical miles 
(16 kilometers) northward across bay from Reykjavik, 
in an open grass plot about midway between church 
and shore to south, 16 6 meters north of stone fence, 

17 6 meters west of nearest coiner of small house, and 
13 4 meteis south of a wire fence; marked by tack m 
top of wooden peg driven flush with ground True 
bearings church steeple below ball, 159° 56 '2; center 
chimney last house across bay, 294° 16 '9 

Grotta, 1914— In small level pasture belonging to town 
pilot, on point of land northwest of Reykjavik, about 
3 miles (4 8 kilometers) west-southwest from Reyk- 
javik station A, about three-eighths mile (0 6 kilo- 
meter) east-southeast of Grotta Lighthouse, 100 paces 
northwest of slaughter-house and dwelling, 75 paces 
east of galvamzed-iron shed, and 22 4 meters east of 
cement post about 21 cm square and 1 05 meters high, 
standing on large irregular base and having in its top 
a round-headed copper bolt and on its south face a 
crown and letters “G S ” engraved; marked by tack 
in top of oak peg True bearings Grotta Lighthouse, 
111 0 38 '6, Reykjavik station A, 253° 17'6; church 
spire, 298° 41 '2; observatory tower, 298° 44'6 

Kialaines, 1914 — On Kialames peninsula across bay from 
Reykjavik, very nearly in line from Hofwik Bay to 
Engey Island, 30 paces west of bank of Hofwik Fiord, 
50 paces to bank m line with a group of very rugged 
rocks a short distance out, southward, and 30 paces 
southeast of a sod farm house, marked by brass tack 
in wooden peg driven flush with ground True bear- 
ings house across bay eastward toward Essia Moun- 
tain, 240° 07(3, observatory tower, Reykjavik, 16° 

18 2 

Reykjavik, 1914 —Two stations, designated A and E, were 
occupied on an open grass plot on Engey Island, about 
2 miles (3 2 kilometers) across harbor northward from 
Reykjavik A is about 100 yards (91 meters) north- 
west of dwellings of two farmers who own the island, 
about same distance from north end of island, 90 08 
meters northwest of small red light beacon standmg 
near farm dwellings, and 32 51 meters northeast of a 
point in line between small red light beacon near farm 
dwellings and similar beacon at north end of island, 
marked by small cross m top of wooden stake driven 
flush with ground True bearings observatory tower 
flagstaff, 6° 27% Catholic Church spire, 26° 55% 
Valhusbakki beacon, 57° 20(1; Grotta Lighthouse, 78° 
27 '7; red light near north end of island, 117° 40'8; 
church spire at Akranes, 153° 05 '4, nearest corner red 
and white house, 289° 51' 9, cleft in mountain, 308° 
17 1, red beacon near dwellings, 316° 50'3; E ia 
33 30 meters west-southwest from A on azimuth line 
to Grotta Lighthouse; marked by small cross m top of 
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Iceland — concluded . 

Reykjavik, 1914 — continued 

wooden stake driven flush, with ground True bear- 
ings* observatory tower flagstaff, 6° 0516; Catholic 
Church spire, 25° 14'4; Valhusbakki beacon, 57° 1311; 
Grotta Lighthouse, 78° 2717; red light near north end 
of island, 120° 49 '5; church spire at Akranes, 153° 
1013, nearest corner of red and white house, 289° 
40 ' 1 ; red hght near dwellings, 305° 50 1 9 Three auxil- 
iary stations, designated B y C, and D, were also occu- 
pied. B is 52 45 meters east-southeast from A , and 
in range between A and comer of red and white house; 

C is 72 3 meters from A , in azimuth 128° 1711; D is 
104 8 meters southwest from A, and m range between 
A and Valhusbakki beacon 

Videy Island , 1914. — On a small grassy knoll, at most 
westerly point of island, 12 paces and 10 paces from 
precipitous edge of island to north and east respec- 
tively True bearing: station A on Engey Island, 
85° 44 {9. 

Madeiras 

Funchal , 1909 — The main station, designated A, is near 
center of parade grounds of College Barracks and as 
close as could be determined to station of Capt E A. 
Chaves, 1903 and 1906. The Cathedral spire is in 
true bearing 3 15° 16 ( 4 The secondary station, desig- 
nated C, is on point west of Funchal, about one-eighth 
mile (0 2 kilometer) east of new fish cannery, on a 
level bluff about 60 feet (18 meters) above water and 
about 15 feet (4 5 meters) back from beach Sail Rock 
is in true bearing 277° 16 '3. Auxiliary stations were 
established at both of these points and showed con- 
siderable local disturbance, B was 40 feet (12 meters) 
from A, and D was 42.5 feet (13 meters) from C 

St. Helena 

Longwood, 1913. — Four stations, designated A, B, C, and 
D, were occupied. Mam station, A , is on triangular 
lawn west of house in which Napoleon died, 53 05 
meters west-southwest from southwest comer of north 
post of yard gate, 34 1 meters northwest of west corner 
of masonry support for three water tanks, and 13 1 
meters due north of point in line with flax hedge; 
marked by cross cut in top of spruce post driven flush 
with ground and covered with sod True bearings: 
northeast comer of house, 82° 13'. 7, flagpole at High 
Knoll Fort, 102° 31 {5, promment rock on Signal Hill, 
186° 32(7, north gable of stone house on hill, 345° 
54' 1. B is 26 4 meters west-southwest from A on 
azimuth line to northeast comer of house, 12 7 meters 
north of flax hedge, and 21 7 meters southeast of iron 
telephone pole; marked by cross cut in top of tent peg 
driven flush with ground True bearings: northeast 
comer of house, 82° 13 '7; flagpole at High Knoll 
Fort, 102° 40(1; prominent rock on Signal Hill, 186° 
59 '0; north gable of stone house on Ml, 345° 05' 2. 
C is 27.25 meters west-southwest from B on azimuth 
line to northeast comer of house, 27 9 meters south- 
southwest from iron telephone pole, and 11 6 meters 
north of flax hedge. True bearings: northeast corner 
of house, 82° 13(7; flagpole at High Knoll Fort, 102° 
49(4; prominent rock on Signal Hill, 187° 26(3, north 
gable of stone house on hill, 344° 14(3. D is about 75 
yards north of old magnetic observatory m open field, 
11 paces north of fence along north side of yard in 
front of Mr Fred M. Deason’s house True bearing: 
west edge of stone house, one-half mile (0.8 kilometer), 
167° 33(3 

West Indies 


ISLANDS, ATLANTIC OCEAN. 

West Indies — concluded . 

Culebra Island , Scorpion Point , Porto Rico , 1910 — con 
the hydrographic signal “Scorp 2” and the triangu- 
lation station “Soldado,” 7 9 meters from “Scorp 2,” 

3 6 meters from edge of bluff that stands at this 
place, the latter distance bemg measured m the 
direction of the “Soldado” triangulation station. 
The azimuth of the “Soldado” triangulation station 
as supplied by the IT. S. Coast and Geodetic Survey 
is 314° 46(5. 

Vieques , Porto Rico , 1910. — Observations were made in 
the new absolute house of the observatory on the 
regular magnetometer pier and the regular earth- 
inductor pier, these two piers bemg designated as 
New Absolute Observatory Stations 1 and 2 are 
m line with the azimuth pier of the observatory and the 
right-hand edge of Caballo Blanco Reef, which is 3 5 
kilometers distant. Station f is 24 2 meters to 
the seaward of the azimuth pier Station 2 is 26 4 
meters to the landward of the azimuth pier The 
tower of the lighthouse at Point Mulas is m true bear- 
ing from magnetometer pier 199° 20(0, from station 
1 } 200° 23(1, and from station 2 , 198° 12(5 

ISLANDS, INDIAN OCEAN 
Ceylon 

Colombo , 1911 — Three stations, designated A, B, and C, 
were occupied m western part of grounds of Colombo 
Observatoiy. A is 108 feet (32 9 meters) from south- 
west fence, 164 feet (50 0 meters) southwest of south- 
west corner of office building, 80 62 feet (24 57 meters) 
west of thermometer shelter, and 69 8 feet (21 28 
meters) northeast of large tree, marked by cement 
block 3 feet (0 9 meter) long and 5 inches (12 7 cm ) 
square at top, lettered on top “CIW. 1911.” True 
bearings* northwest corner of lunatic asylum, 55° 
40(6; small white upright over east gable of “Gras- 
mere,” the Survey or-General's bungalow, 177° 25(8, 
southeast corner of office, 235° 30(3. B is 217 67 
feet (66.35 meters) north of A , on azimuth line to 
“Grasmere.” C is 84 62 feet (25 79 meters) north 
of A, on azimuth line to “Grasmere ” 

Colombo , Cinnamon Gardens , 1911. — In vacant lot owned 
by Mr. S M Fernando, on north side of Bogatelle 
Road, Cinnamon Gardens, opposite La Cormche 
Bungalow, 102 4 feet (31.21 meters) north of wire 
fence along road, 124 feet (37 8 meters) east of stone 
wall on west side of lot, and 19.2 feet (5.85 meters) 
northwest and northeast respectively from two palm 
trees. 

Java. 

Weltevreden {Batavia), 1911. — Two stations, designated A 
and B, were occupied in grounds of Royal Magnetic 
and Meteorological Observatory. A is 13 35 meters 
southwest of southwest comer of foundation of abso- 
lute house, 22 6 meters northwest of east end of brick 
wall at rear of grounds. True bearing: azimuth mark 
of observatory, line on concrete pillar near west side of 
main entrance, 178° 14 ( 1 B is on azimuth line from 
A to mark, 14 87 meters north of A, and 11 30 meters 
west of southwest comer of foundation of absolute 
house For intercomparisons with observatory stand- 
ards, observations were made on piers m absolute 
house of observatory, declination bemg observed on 
decimation pier, horizontal intensity on piers A and 
C, and inclination with earth inductor on earth-induc- 
tor pier. 

Matteithjs. 


Culebra Island , Scorpion Point, Porto Rico , 1910 — 
Practically identical with that of the U S Coast and 
Geodetic Survey of 1903 and 1904, on line between 


Pamplemousses , 1911 — Four stations, designated A, B, 
C , and D, were occupied in grounds of Royal Alfred 
Observatory. A is central pier of absolute house. 
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Mauritius — concluded. 

PamplemousseSj 1911 — continued 

True bearing observatory azimuth mark, 0° 01 '3 
B is 6 41 meters south of A, m line to azimuth mark 
C is 42 38 meters south of B, m line from A to azimuth 
mark. D is dip pier of observatory, 1.53 meters west 
of A 

ISLANDS, PACIFIC OCEAN 
Fiji Islands. 

Suva You, Viti Levu Island , 1912 — Two stations, desig- 
nated A and B, were occupied A is reoccupation of 
C I W station of 1906, and H M S Waterwitch sta- 
tion of 1896, on north side of bay, about 2 miles (3 
kilometers) from Suva, on point of land near mission- 
ary station of Seventh-Day Adventists; marked by 
concrete post piojecting 18 inches (45 7 cm ) out of 
ground, and having an arrow and year 1896 cut on 
east face True bearings* outer lighthouse, 31° 00 '0; 
lower lighthouse, 129° 54(5, flagstaff on governor's 
house, 342° 36 '1, boathouse, 348° 35 '9. B is on 
same bluff, 2 meteis from east edge of cliff, 32 4 meters 
north-northeast of A True bearings outer light- 
house, 31° 11 '0, flagstaff on governor's house, 343° 
00' 4; boathouse, 349° 01 '3 

Philippine Islands 

Antipolo, 1912 — Three stations, designated A, B, and C, 
were occupied at Antipolo Observatory A is pier m 
absolute house. True bearing* mark on large mango 
tree, 359° 58 '8 B is on broad walk in front of varia- 
tion observatory, 25 8 meters from middle of lower 
front step of observatory. True bearings absolute 
observatory mark, 5° 47(8, windmill top, 135° 18 '2, 
southeast comer of variation observatory, 188° 08 '2; 
staff of vane on wind-tower, 277° 07(2 C is on broad 
walk m front of variation building, in line with B and 
mark on small bungalow at rear of hotel, 26 7 meters 
south of B, 59 9 meters from point 4 feet above ground 
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Philippine Islands— -concluded 

Antipolo, 1912 — continued 

on mango tree on which is placed dechnation mark for 
absolute house True beanngs center of windmill 
top, 143° 07(9, southeast corner of variation observa- 
tory, 183° 16 '8, staff of vane on wind-tower, 263° 06 ' 7. 

Society Islands 

Papeete , Tahiti Island , 1912 — In eastern corner of tract of 
government land immediately south of Botanical 
Garden, about 106 meters south-southeast of gar- 
dener’s house. 47 3 meters northeast of northeast 
cornerstone of windmill pump, 8 8 meters southeast 
and 12 7 meters southwest respectively from two 
coconut trees, 15 2 meters north of tropical chestnut 
tree, and approximately 15 and 41 meters respectively 
from west and north fences of tract. True bearings 
windmill vane, 29° 46 , 1, corner of house of chief 
justice, 107° 14(2, east edge of gardener's house, 158° 
02(8 

Small Coral Island ( Papeete Harbor), Tahiti Island, 1912. — 
Two stations, designated A and B, weie occupied on 
small coral island about one-half kilometer west of 
white obelisk on Soactoi reef south' of entrance to 
Papeete Harbor and not far from station of Galilee 
party in 1907, which, owing to changes m topog- 
raphy on account of storms and the building of small 
hospital and wharf, could not be recovered. A is on 
north extremity of island True bearings, northwest 
corner of hospital, 4° 00(9; channel gun, 240° 04' 0; 
cathedral spire, 267° 40 '4; north obelisk, 276° 13 '1 
upper range-light, 295° 57 '7, south obelisk, 316° 
51' 6; northeast comer of hospital, 49.6 meters, 345° 
46(9 B is on south extremity of island, about 88 
meteis south of A True bearings mountain peak 
on northeast end of Moorea Island, 100° 14 '2, north- 
west corner of hospital, 36 3 meters, 189° 56(8, south- 
west corner of hospital, 227° 52 '0, upper range-light 
292° 03 '2, south obelisk, 310° 26'9 



EXTRACTS FROM DIRECTOR’S INSTRUCTIONS FOR CRUISES AND 
OBSERVATIONAL WORK ON THE CARNEGIE. 

The following extracts from the Director’s instructions to those in command of the 
Carnegie, from time to time, will serve to explain the routes prescribed for the vessel and 
the methods of observation adopted for the various kinds of work. They will aid in 
showing how the observations were made at successive stages of the work, and how the 
methods and instrumental appliances were developed and modified as experience suggested. 
It will be noticed that, although the Carnegie is a strictly non-magnetic vessel, nevertheless 
the instructions called for occasional swings of the vessel in order to make desired tests, 
both as to the absence of ship deviations and of ‘ ' instrumental deviations” (see p. 18). 
From the discussion on page 436 it will be seen that the observations made on these swings 
served a useful purpose, and gave the means of judging as to the accuracy of determination 
of magnetic elements aboard the Carnegie under harbor conditions. 

CRUISE I OF THE CARNEGIE. 1909-1910. 

From Route Instructions or July 14, 1909, to W. J. Pet er s at Brooklyn 

1. Leaving Brooklyn as soon as feasible, and after the trial observations and swings at Gardiners 
Bay have been completed, a course will be shaped for St. John’s, Newfoundland, crossing the 60th 
meridian in about latitude 41° to 42°. 

l ohn ’ s > N.F.— The C. I. W. (Carnegie Institution of Washington) magnetic station of 
1905 is to be reoccupied and such additional shore observations are to be made as may be found 
necessary. * * * 

3. After the completion of the work at St. John’s, the vessel will follow a course to Falmouth, 
England, as nearly direct as possible, crossing the thirtieth meridian in about latitude 51°. Such 
shore observations as may be required will be made, and the vessel will be swung in Falmouth 
Harbor. 

4. Leaving Falmouth early in November, the sailing route will be followed to Madeira, and, 
after making there the requisite shore observations, proceed next to New York via Bermuda, inter- 
sectmg the fortieth meridian in about latitude 22° north. * * * 

5. Bermudas. These islands are greatly disturbed magnetically and every care must be taken m 
the proper selection of stations for shore work. 

6. New York.— Return should be made not later than about February 1, 1910 After the 
completion of whatever work may be necessary, the vessel will be turned over to the Tebo Yacht 
Basm Company for the copper sheathing of the bottom. * * * 

From Instructions for Scientific Work on Cruise I. 

1. Observe the three magnetic elements daily unless conditions prevent. 

2. Declination. Corresponding observations with the two compasses (Cl and D3) are to be 
made, whenever possible, and the causes of differences investigated. 

3. Observations with sea dip-circle —Loaded dip will be required only every third day and in 
between the total-intensity work will be confined to deflection observations. In deflection work 
for short distance, read extremes of arc; for long distance, set microscope-thread on middle of arc 
by method of repeated bisection. When combining dips, give results from reg ular dip needles 9 
and 10 each double weight, and deflected dips, each distance, single weight, or what amounts to the 
same thing, treat the mean result from short and long distances as equivalent to a result with needle 
9 or 10. The possibility of level error in dip observations requires attention. In addition to setting 
the foot-screws according to the foot-screw readings, the matter of whole turns should be controlled 
also for every mounting of the instrument. To facilitate this, brass gages should be made or some 
other device be used. It is essential that the level position of the dip circle be controlled each time 
and an entry be made on the dip sheets that this was done before the observations were made ’ 

316 
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4. Observations with sea deflector. — Continue previous method, viz, read each position twice in 

succession and take simultaneous readings of course by Kelvin compass. Every care must be taken 
of the magnets; they must not be handled any more than necessary. For magnet 45, read vernier A 
and for magnet 2L, vernier B. ’ 

5. Shore observations with sea deflector. — Always begin and end observations by rea ding on mark. 
Next read compass card before mounting deflecting magnet, and again, afterwards, for each magnet. 
(These observations will furnish declinations, both from the undeflected and deflected positions of the 
card.) 

6. An abstract of the ship’s log for a passage, together with the monthly journal, will be trans- 
mitted promptly to the Office. 

7. To control effectively the ship work, the computations are to be kept up to date as heretofore 
and an abstract is to be made. Whenever discrepancies in the results, derived from the various 
instruments and methods, appear, every effort should be made by the observers to determine the 
cause, and to repeat the observations at the earliest moment. 

8. Atmospheric-electric observations. — The observer, in addition to the magnetic work, will under- 
take whatever is feasible, and will conduct desired experiments, as directed, for supplementing the 
present information as to what is necessary to make this work successful. 

9. Meteorological observations — These observations are to be madein cooperation with the United 
States Weather Bureau and m the same manner followed on the cruises of the Galilee. They will 
be recorded on the forms supplied by the Bureau. 

CRUISE II OF THE CARNEGIE, 1910-1913. 

From Route Instructions of June 4, 1910, to W. J. Peters at Brooklyn. 

1. The Carnegie will sail from Brooklyn on her next cruise (No. II) not later t.h»n the 20th 
mstant. You will please make all arrangements accordingly. 

2. You will find inclosed two copies of the Schedule of the Cruise, accompanied by a blue print, 
showing the various courses and ports. Please note that the aim is to fill in the regions where 
magnetic data are especially needed. * * * 

[The ports of call on this circumnavigation cruise, as finally settled upon, were: Brooklyn, 
Greenport (Gardiners Bay), Vieques (Porto Rico), Para, Rio de Janeiro, Montevideo, Buenos Aires, 
Cape Town, Colombo (Ceylon), Port Louis (Mauritius), Colombo, Batavia, Manila, Suva (Fiji), 
Papeete (Tahiti), Coronel (Chile), Port Stanley (Falkland Is.), Jamestown (St. Helena), Bahia, 
Jamestown, Falmouth, Greenport, and Brooklyn. The cruise was arranged with the view of 
encountering, on the various passages, the most favorable conditions possible, as to sea and weather, 
and having the best trigonometric conditions for the astronomical work. Consideration was also 
paid to the desirability of securing intersections with the previous tracks of the Galilee, the Carnegie, 
the Gauss, and the Discovery. The Carnegie sailed from Brooklyn June 20, 1910, and returned on 
December 19, 1913. For synopsis of cruise, see pages 165-170; also abstract of log, pages 333-347.] 

Instructions of June 11, 1910, for Scientific Work on Cruise II. 

A. Magnetic Observations on Swings. 

1. En route to Vieques, Porto Rico, magnetic observations on swings are to be made in Gardiners 
Bay at same place as in 1909 (lat. 41° 06' N. ; long. 72° 13' W.) . It will suffice to secure for each ele- 
ment one complete swing with each helm, provided all necessary precautions are taken beforehand 
regarding absence of magnetic articles close enough to affect the results, and with respect to satis- 
factory condition of instruments. The swings for the various elements may be arranged by the Com- 
mander to suit the conditions; 8 equidistant headings will be taken. 

2. Decimations will be obtained with both instruments (Cl and D3), especial care being taken 
with respect to level of D3. 

3. Inclinations. — First helm: absolute dips with D. C. 189 (needle 10), observations on each 
heading being of same extent as for course, including reversal of polarity of needle; other helm: 
deflected dips will be obtained from the deflection observations under 4. (See precautions as to 
level of instrument under D3.) 
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4. Total intensities.-— On second swing, called for in 3, make deflection observations with D. C. 
189, needles 7 and 8, using both distances, and with face of needle 7, D and R on each heading. 

5. Horizontal intensities with sea deflector 8— First helm: use magnet 45, and on the other, 2L, 
at distances 1 and 3 on each heading, obtaining as many sets as possible. (Special care should be 
taken to see that the instrument is m best condition, and that deflecting magnets are properly placed 
in position. . Sufficient time must be allowed on each heading for the compass card to settle down, 
and precautions taken to set up as little motion as possible in the liquid.) 

6. The Commander is at liberty to repeat any of the prescribed observations found necessary. 

7. For the present, other places of swings will not be designated. Should a port be found, 
however, in the Southern Hemisphere, where conditions are suitable, it would be desirable to swing 
vessel once more towards the end of the present year, or possibly at Cape Town. * * * [The 
vessel was actually swung in Gardiners Bay (Aug. 31-Sept. 2, 1909; Dec. 15, 16, 1913), at Rio de 
Janeiro (Dec. 23, 24, 1910), at Falmouth (Oct. 4, 1913), and 8 times at sea.] 

B. Magnetic Observations on Course. 

!• The attempt will be made to secure some magnetic data daily — the three elements, whenever 
conditions permit. The method of observing each element in duplicate, simultaneously with 
different instruments and observers, is again to be followed as rigidly as possible. Observers are 
again to alternate in observing any particular element. It is desirable, whenever conditions permit, 
to obtain the three elements, as nearly as possible, for the same geographic position, but it is realized 
that this is not so readily accomplished as far as the declinations are concerned, smce for this element 
the time of observing can not be arbitrarily chosen. The dips and intensities should be observed, as 
far as practicable, between 2 and 5 p.m., local mean time — in general, between 3 and 4 o’clock, 
the diurnal-variation corrections at these times will usually be neghgible. ' 

2. Decimations with Cl and D8. — Observations with the latter instrument, if made with care, 
will afford a check upon the former. 

3. Inclinations. — The observations will consist of absolute dips with needles 9 and 10, D. C. 
189 and deflected dips, needles 7 and 8, using two distances whenever possible. In the computation, 
double weight will be given, in general, to each direct dip, and single weight to each deflected dip or 
double weight to the mean of two deflected dips. Level of instrument on the gimbal stand has been 
found to be a very important matter; the whole error of level may enter into the dip, and it is not 
eliminated by the method of observation, nor by taking the mean of several needles. Every oppor- 
tunity will be taken to control this source of error, and the necessary precautions will be observed 
regarding heights of foot-screws, etc., as prescribed on the previous cruise. [Beginning at Tahiti in 
1912, a reversible gimbal-stand was used; see pages 196-197, and PL 14, Fig. 5.] 

4. Total intensities. — Always make deflection observations with D. C. 189, needles 7 and 8, 

using two distances whenever possible. When short distance becomes unavailable, then observe 
loaded dips, needle 8 (weight 11) two sets, next deflections long distance, face of needle 7 D and R 
and close with two sets loaded dips. ’ 

5. Horizontal intensities — These observations will be made with the sea deflector supplied, 
using both magnets and both distances, observing precautions noted under A 5; as many sets will be 
obtained as possible during the dip and intensity observations in forward observatory. Distances 
1 and 3 will be used until otherwise instructed. Recorder will take simultaneous readings of ship’s 
head with Kelvin compass. 

6. General remarks.— Observers should use every reasonable endeavor to guard against instru- 
mental changes and should try to ascertain causes of errors immediately upon discovery. They 
must be careful regarding presence of articles on their persons, or on others close by, likely to affect 
the observations. Whenever the instructions do not exactly fit the conditions to be met, the Com- 
mander, in accordance with his previous experience, will make the necessary modifications and 
amplifications. The Commander will also see to it that every care is taken as to holding of course 
during observations. In order to secure effective control of the work, he, at least once a week, will 
make a complete set of observations with each instrument; these need not be additi onal observations, 
but a part of the regular scheme of observation; in connection with these observations a general 
report will be made of the condition of instrument. To guard against systematic errors as far as 
possible, he will exercise a similar control on all computations 
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D. C. 189 appears to be an exceptionally good instrument and should therefore have every care 
bestowed upon it to guard against accident. No. 203 is only to be used in case of emergency but 
observations will be made with it regularly on land. ’ 

C. Shore Magnetic Observations. 

1. Until otherwise advised, the same directions apply in general as heretofore, subject to such 
modifications as the Commander finds necessary according to circumstances. It will be desirable 
in the determination of the constants for the ship instruments to make the observations eithei 
simultaneously with the land instruments, or at such time of day when the diurnal-variation cor- 
rections are small, or variable in sign. Descriptions of certain stations to be occupied are furnished, 
but the Commander is at liberty to add additional ones as he may find necessary and possible. 

D. Computations of Magnetic Observations. 

1. Until otherwise instructed, the computations on the present cruise will be made with the same 
constants throughout as already supplied. In other words, the constants are not to be changed 
with every new determination; so also in the land observations for determination of new constants, the 
computations 'will be made with the old constants and the corrections, instead, determined. These 
corrections will be distributed along the cruise and will be applied on the abstract of results. There 
will thus be avoided frequent changes in the computations on the observation sheets. These compu- 
tations when revised will remain unchanged thereafter unless some error is discovered in computation. 
This new method applies to all the magnetic elements. The logarithmic work will in general be 
carried to four places. 


E. Atmospheric-Electric Observations. 

1. Such observations are to be made as time of observer will permit. They will, in general, 
be of the same character as on the previous cruise, with such modifications and additions as the 
observer in consultation with the Commander finds desirable. 

P. Atmospheric-Refraction Observations. 

1. These observations will be continued and amplified as may be found possible; the precise 
directions are left to the Commander. 

G. Meteorological Observations. 

1. These observations will be the same as on previous cruise, with such extensions as the Com- 
mander finds possible. 

H. Astronomical Observations. 

1. Astronomical observations will be made as on previous cruise in duplicate or triplicate, as the 
Commander directs, and as often as may be necessary for effective control of geographic positions 

I. Other Observations. 

1. The Commander will be allowed to include such additional scientific work as he finds possible 
on board the Carnegie. His attention is called to the need of additional observations on ocean 
currents. 

Instructions of August 26, 1910, for Swing Magnetic Observations Subsequent to those at Gardiners Bay. 

1. It will m general suffice to secure for each element one complete swing with each helm, 
provided all necessary precautions are taken beforehand regarding absence of magnetic articles 
sufficiently close to affect the results, with respect to satisfactory condition of instrument, etc. 
The swings for the various elements may be arranged by the Commander to suit the conditions; 
8 equidistant points will be taken. The Commander is also at liberty to repeat any of the observa- 
tions or swings, as he may find necessary, without unduly prolonging stay in port. Places of swing 
will not be designated, but will be left to the judgment of the Commander with the remark that it 
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■will suffice for the portion of the cruise to Cape Town to make swings at the most southerly port 
and at one intermediate between Gardiners Bay and the southerly port selected. In the absence 
of further instructions, the same considerations apply to future portions. 

2. Declinations will be obtained on each heading, both with Cl and D3, especial care being 
taken with respect to level of latter. A swing with both helms is required separate from that for the 
other elements. 

3. Inclinations. — One helm, absolute dips D. C. 189, needle 10 (or No. 9 in case it should prove 
more satisfactory), readings on each heading being of same extent as for course observations, in- 
clusive of reversal of polarity of needle; other helm, deflected dips will be obtained in connection 
with deflections under 4. The same precautions regarding level of instrument apply as in course 
observations. 

4. Total intensities.— One helm, making only deflection observations, D. C. 189, needles 7 and 8, 
using long distance only but having face of needle 7, D and R, each heading. (If swing is repeated, 
and short distance is available, then use it for deflected dip and total intensity, and on swing with 
other helm, use the regular dip needle, e. g., No. 9, not employed on first swing.) 

5. Horizontal intensities— Both helms, sea deflector 3, using on one swing magnet 45, distance 
3, and on the other, 2L, distance 1, on each headmg At least two minutes will be allowed for the 
deflected card to come to rest, and invariably the usual four positions will be taken on each headmg, 
making from 3 to 5 readings of card on each position, according to circumstances. The aim should 
be not to extend the set beyond 12 minutes, if possible. Precautions must be taken to assure satis- 
factory condition of instrument and maintenance of deflection distances. (If swing be repeated, use 
magnet 45, distance 1, one helm, and magnet 2L, distance 3, other helm.) 


Directions of August 30, 1910, for Shore Magnetic Work. 1 

A- Use the earth inductor at all primary shore stations (“primary” in the sense of stations 
where instrumental constants are determined), rather than at only a part of them. As there are 
available for observationalwork but 3 observers, it is desirable to establishfor the purpose of constant- 
determinations not more than 3 stations at the primary ports: A, B, and C. The 3 stations should 
be chosen so that 2 of them will be on lines of known azimuth from one of them (in cases where 
good marks are not available, use might be made of temporary ones, set, however, at least 500 feet 
distant from closest station and suitably marked to prevent displacement or loss during the period 
of work). Designating the successive days of observation as 1, 2, 3, 4, and so on, dropping out 
Sundays and holidays, the following program will suffice: 


1. Location of station site. Local-disturbance tests by means of dip-circle compass 201, 
taiong magnetic bearings of the same line at various points over site. Selection of station A, 
and marks. Azimuth and latitude work at A ; measurements of horizontal angles. Selection 
of stations B and C. Descriptions of stations. Setting up of tents. 

* \ 2 at C (3 complete sets with each magnetometer, a set con- 

sisting of D, H, H, Dj with deflections at 2 distances) ; sea deflector at B. 

3. Magnetometer 2 at A, 4 at C (3 complete sets with each magnetometer) ; sea deflector 
at B . 

4. Magnetometer 2 at A, 4 at B (3 complete sets with each magnetometer) ; marine colli- 
matmg-compass at C. 


5. Earth inductor at A ; dip circle 201 at B (4 determinations of I with each of needles 1 
and 2, or with^any other pair selected and simultaneous observations with earth inductor) 

6. Earth inductor at B; dip circle 201 at A (4 determinations of I as on day 5). 

7. Earth inductor at B ; dip circle 189 at A. 

. 5 6 7 8 9 - Sam f as 7 * On days 7 and 8, 4 observations for I are to be made with each needle of the 
pair regularly used, and 3 to 4 determinations of the total-intensity constants of the regularly 
used intensity pair; simultaneous observations with earth inductor. 

9. Earth inductor at B; dip circle 203 at A (2 sets for I to be made with each needle-pair 
for use m emergency with this instrument, and 2 determinations of intensity constants for the 
pair to be used in emergency; simultaneous observations to be obtained throughout with the 
earth inductor). 


J See also later directions, pages 321 and 322 
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B The above program, at primary stations, calls for the services of 3 observers on days 12 3 
and 4. On days 5 and 6, the third observer might complete azimuth or latitude work, and ’com- 
pute the work of the first four days. At the ports where swing observations are to be made, days 
7, 8, and 9 might be devoted by the third observer, using magnetometer 4 and dip circle 201, to 
observations at stations suitably selected for determining the distribution of magne tism in the region 
of the proposed swing. The order of program may be varied to suit the conditions encountered. 
The work with 203 (the reserve sea dip-circle) may be omitted at every other station. 

C. To determine the distribution coefficients for the land magnetometers, it will suffice to make 
deflections at 3 different pairs of distances at the 3 stations. In no case, however, with magnetom- 
eters of the Department type Nos. 2-10, should deflection distances less than 25 centimeters be 
used. Suitable pairs of distances would be 25 and 30, 27.5 and 35, and 30 and 40 cm.; m cases 
where the deflection angles at distance 40 are so small as to be difficult of determination with the 
requisite accuracy, deflections at the first two pairs of distances will be sufficient if suitably distributed 
through the work. 

Directions of September 7, 1911, for Ocean Observations with Sea Deflector 4. 

1. Follow the general scheme at present in use and as given m “Memoranda regarding sea 
deflector 4, February 13, 1911/’ taking 5 readings, in each position, for both sea deflector and Kelvin 
compass. Two full minutes must be allowed, after magnet is m position, at beginning of observa- 
tions for each magnet (not distance), as also between each reversal of sights (bowl); one full minute 
must be allowed between all other positions; allowing about one minute for the 5 readings, the 
minimum time required for a half-set, from beginning of reading to end, will be 8 to 10 minutes, 
allowing for interruptions and repetitions. 

2. Every possible precaution is to be taken against setting up motion of liquid in bowl by 
avoiding sharp or rapid reversals of sights. Care must also be taken to avoid possibility of card being 
lifted off the pivot during reversals of sights by the action of deflecting magnet; the latter, during 
such reversals, is to be removed and held far enough away, and then replaced. 

3. Time and temperature are to be recorded a few seconds before the beginning of a set, so as to 
correspond as nearly as possible with actual beginning of set. Endeavor should be made to secure 
as uniform conditions of temperature as possible during the time the deflecting magnet is above and 
when below the card. To secure these conditions, the observing dome should be covered sufficiently 
to prevent the Sun from shining directly on the magnet or on the card; also the binnacle door is to be 
kept open throughout the series of observations. 

4. To vary conditions, and to give each magnet the same treatment, begin on alternate days 
with magnet 45, distance 1, and magnet 2L, distance 1. 

5. It should be kept m mind that the careful work of the deflector-observer may be vitiated by 
the recorder’s poor readings of ship’s head with the control (Kelvin) compass. There should, 
therefore, never be any hesitation to repeat observations with deflector and compass, whenever 
necessary. Readings during rapid motions of compass cards should be avoided as far as possible. 
The deflector-observer, after making several approximate settings at beginning, should aim to make 
settings by moving sight-line slightly beyond the 0° or 180° of card, and then working back to desired 
position; the direction in which this is done should be alternated, once from the right, next time 
from the left, etc. The sighting slit is to be used preferably, as it affords least opportunity for 
parallax or “personal equation.” 

6. Every possible care must be bestowed on the preservation of constancy of magnetic moments 
of magnets. 

7 Upon conclusion of deflector observations, the bowl will be clamped. 

General Directions of September 7, 1911, for Shore Observations. 

After paying attention to the general remarks contained m directions of August 30, 1910 (see 
p. 320), according to which the shore work has been done hitherto, the observations may now be 
confined to the following, two stations being selected as free from local disturbing influences as 
surroundings permit, and care being taken to have, as far as possible, the same height above ground of 
magnets of the vanous instruments: 
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L Magnetometer 4 (or No. 2, if found preferable) at A, sea deflector 4 at B, simultaneous D 
and H observations (not less than 3 good sets of each element and with each instrument). For each 
set, the footscrews, or the bowl as the case may be, will be oriented differently. To overcome 
possible sticking of the deflector card, drum on glass cover before each reading in both H andD work. 
The deflector D-observations will be made before and after the deflections by observing magnetic 
bearing of mark and using lowest part of wire. 

2. Magnetometer 4 at B, deflector 4 at A; same observations as for 1. Observers will exchange 
instruments but not stations. With proper care, the station difference, A-B, will be derived from 
observations 1 and 2, with sufficient accuracy for the i mm ediate purpose. 

3. Earth inductor 2 at A and D. C. 189, or its substitute, at B; simultaneous observations; 
dip needles the same as those used in the ocean work, supplemented by another needle for possible 
future use, as selected by the Commander. Besides regular dips, complete total-intensity observa- 
tions, oiclusive of loaded dip, are required. As many sets as possible (not less than 3 for direct dip 
and 3 for total intensity) are to be secured. The manner of scraping or tapping the brass knob in 
observing with sea dip-circle appears to require attention; theoretically, the conditions at sea should 
be simulated as closely as possible. 

4. Earth inductor at B and D C. 189 at A, observers exchanging instruments but not stations. 
Same observations as for 3. (The absolute value of H will be derived from the magnetometer 
observations of the previous two days.) 

5 - Determinations of declination-constants by Sun observations and bright-line method with 
deflector 4 during the most suitable time. As many sets as possible under varying conditions are to 
be secured not less than two observers taking part. The constants for the marine collimatmK- 
eompass will be determined as the Commander may direct. 

6. Such observations as found necessary are to be repeated during the available time. 

7. The above scheme requires two careful observers for successful execution. Where compari- 
sons are to be made with local instruments, e. g , at Batavia, then these are to be included in the 
above scheme as found best, a third observer, if necessary, taking part and following the special 
directions for comparison work. The most experienced observer available is required for the 
observatory comparisons; on these, special care must be bestowed. 


Instructions of August 13, 1913, for Work at Falmouth. 

Shore Work. 

1. Trefusis Point, a sin 1909, to be the main station for general intercomparisons of instruments 
and determination of instrumental constants, provided that this station is still found satisfactory 

* be Tke dk “ t,0 “ "•“*"« of 

the m * SMtometos “ d • *°° d 

. 3 ‘ Portha tt° w (British Magnetic Survey, 1890) to be reoccupied, as nearly as conditions permit 
using a magnetometer and a good land dip-circle, and securing complete observations on 2 days. 

4. Truro (British Magnetic survey, 1890). Same remark as for No. 3. ^ 

would be al A^ t lh bSermt ° ry '~ The C ° mpIete reoccu P ation of the observatory station on one day 

6. General note.— Ml stations are to be marked in some manner, besides taking the usual 
angles and making such measurements to nearby objects as may be possible. 

Ocean Work. 

1. Observations are to be made of the three magnetic elements during complete swines of 
the vessel, both helms, arranged in best manner possible, and at such a time as the Co mman der 
" m ° st ® mtable > the P lace of swin g to be the same as in 1909 (latitude 50° 06' N, longitude 
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CRUISE III OF THE CARNEGIE, 1914. 

From Instructions of June 1, 1914, to J. P. Ault, at Brooklyn. 

The following are your final instructions regarding route and work for the North Atlantic Cruise 
of 1914: 

1. Route . — Leaving Brooklyn, proceed, if everything is found satisfactory, direct to Hammer- 
fest, Norway, aiming to sail, as far as possible, on a course about midway between the Carnegie’s 
tracks of 1909 and of 1913, and crossing parallel 50° N about in longitude 30° to 25° W. (Should 
it be found necessary to stop first at Greenport or vicinity, then such observations and swings will 
be made m Gardiners Bay as conditions permit; however, in view of the work planned at the end 
of the cruise, there should be as little delay there as possible.) 

From Hammerfest, a course will be taken for Reykjavik, making as far northerly latitude towards 
Spitzbergen as safe navigation for the Carnegie may permit. Proceed thence to Greenport, Long 
Island, aiming to survey, as effectively as possible, the region between parallels 50° and 60° N 
From Greenport, the vessel will return to Brooklyn. [The various courses were approximately shown 
on a map.] 

2. Magnetic Work . — The vessel will be swung, and complete observations will be made at 
Hammerfest, Reykjavik, and Gardiners Bay, as also the usual shore observations and comparisons. 
En route to these ports the same program of work as followed on previous cruises will be carried out. 
The observations will be promptly reduced and mailed as heretofore. An opportunity to swing 
vessel under excellent conditions, in deep water, should be embraced. 

3. Atmospheric-Electric Work . — The detailed directions supplied you will be followed as closely 
as time and circumstances permit. Special attention will be given to this part of the work in order 
to make possible desired improvements. 

4. Atmospheric-Refraction Work . — These observations will be continued as heretofore, following 
the method found best, in accordance with the memoranda supplied. 

5. Boiling-Point Observations . — In order to give more time for 3, these may be omitted or only 
made as may be necessary for the control of the aneroids. 

6. Meteorological Work . — These observations, as well as any accompanying ones, will be made as 
heretofore. * * * 


CRUISE IV OF THE CARNEGIE. 1915-1916. 

From Route Instructions of February 2, 1915, to J. P. Ault, at Brooklyn. 

1. The route and ports for Cruise IV of the Carnegie , given below, are hereby approved as far 
as Port Lyttelton, New Zealand, which port is to be reached, if possible, about the middle of October 
1915. The route to Port Lyttelton is tentatively sketched on the map supplied, it being understood, 
of course, that any variation as required by conditions encountered will be left wholly to the Com- 
mander’s discretion. 

2. Respecting the question of stopping at Guam on the trip from Dutch Harbor to Port Lyttel- 
ton, it would appear that considerable delay might ensue when leaving Guam. You may, accord * 
ingly, omit this port on the southward trip. * * * 

3. For the balance of the cruise, beginning at Port Lyttelton, a chart is being prepared showing 
the magnetic data at present available in the regions concerned. * * * 

[In his supplementary instructions of Feb. 17, 1915, the Commander was authorized to carry 
out the circumnavigation of the region between parallels 50° and 60° south, beginning at Lyttelton, 
proceeding in an easterly direction to South Georgia and thence to Lyttelton. A special account of 
this part of Cruise IV will be found on pages 326-330. The adopted ports of call for Cruise IV 
to October 1916, were as follows* Brooklyn, Greenport, Colon, Balboa, Honolulu, Dutch Harbor 
(Alaska), Lyttelton, South Georgia, Lyttelton, Pago Pago (Samoa), Guam, and San Francisco. 
See synopsis of cruise on pages 172-176, and abstract of log, pages 350-356 ] 

Instructions of February 18, 1915, for Scientific Work on Cruise IV. 

I. Magnetic Work . — (a) The general program of work under this head will be the same as on 
previous cruises, the observations, as heretofore, being promptly reduced and mailed to the Office 
of the Department. Specific directions as to instruments will be found with the data giving instru- 
mental constants. 
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^f, vle T °/ n ? w conditions, caused by the recent structural work and alterations of 
vessel and by the installations of the atmospheric-electric instruments within close proximity to the 
mounts for the magnetic instruments, it will be highly desirable to swing vessel and make complete 
observations as often as conditions may permit, m order to make certain the absence of deviation- 
corrections. During these swings, the atmospheric-electric instruments are to be in place, and m 
operation, just as when the regular observations with these instruments are made. It may suffice 
totteprmt year (1915), to make these swings at Gardiners Bay, Colon (or Panama), Honolulu! 
Dutch Harbor, and Port Lyttelton. In view of the possibility of local disturbance at some of these 
ports, especially Honolulu, and perhaps also Dutch Harbor, it will be desirable to make some swings 
also at sea. The aim should be to get as large a range in magnetic latitude as possible. 

(c) The shore observations at Gardiners Bay may be omitted. The shore work at Colon 
(or Panama) may be restricted to the absolutely essential observations and comparisons. At 
Honolulu, where a longer stop is contemplated, the shore observations and comparisons of instru- 
ments vail be made according to the complete scheme for such work. Here also comparisons will be 
o tamed with the magnetic standards of the Honolulu Magnetic Observatory. The shore observa- 
tions and comparisons at Dutch Harbor, in view of the high magnetic latitude, should be made as 
complete as conditions will permit. Similar observations on arrival of the vessel at Port Lyttelton 
will be made at the Christchurch Magnetic Observatory, and an intercomparison of standards will 
be secured. Information regarding the shore stations and the places where the Galilee was swung at 
Honolulu and Port Lyttelton is supplied on separate sheets. 

,, Atmospheric-Electric Work— (a) The detailed directions supplied for observations under 
this head will be followed. With the addition of another observer to the vessel’s scientific staff, 
it will now be possible to assign one observer practically entirely to the atmospheric-electric work. 
However, in order to secure simultaneity of determination of the various electric elements, it will be 
necessary to have also an auxihaiy observer take pait in this work. The principal observer, m return, 
Carnegie** * f anj assistance squired in the successful execution of the other work of the 

III. Atmospheric-Refraction Work.— The observations will be made in accordance with the 
detailed directions supplied. 1 It is hoped that special attention will be paid to these observations, 
m order to secure desired improvement. * * * 

IV. Barometer and Boiling-Point Work. — See detailed directions. 1 

V. Meteorological Observations . — See detailed directions. 1 

IV. Astronomical Observations — See detailed directions 1 

VII. The assignment of each observer’s specific duties is left to the Commander’s discr etion. 

to repOTta deal “ 8 kinds of work. For those pertamh* 



EXTRACTS FROM FIELD REPORTS AND ABSTRACTS OF LOGS 

OF THE CARNEGIE. 

Synopses of the cruises of the Carnegie , 1909-1916, will be found on pages 164-176. 
The abstracts of the logs of the Carnegie, given on pages 330-357, contain more detailed 
information as to the various passages of the vessel and the conditions encountered on them. 

The extracts from field reports pertaining to special observations regarding occurrence 
of thunder at sea, and to the circumnavigation trip of the Carnegie in sub-Antarctic regions, 
will be of interest. 


EXTRACTS FROM FIELD REPORTS. 

W. J Peters and J. P. Ault: Some Notes on the Occurrence of 
Thunder at Sea, 1915-1916. 

Baron von Humboldt appears to be responsible for the statement that thunder is never heard 
on the ocean at any great distance from land, though violent electric-storms are often observed at 
sea and vessels are frequently struck by lightning. Since this statement has provoked discussion 
from time to tune, the following observations made aboard the Carnegie, under J. P. Ault's command, 
may be of some interest. In accordance with directions issued to the vessel by the Director of the 
Department of Terrestrial Magnetism, the observations were made on the way from Dutch Harbor, 
Alaska, to Port Lyttelton, New Zealand, between August 6 and November 2, 1915. As the special 
object was to obtain some facts on the sound of thunder at sea, it is not likely that thunder audible 
at the ship occurred without being noted. 

Lightning storms or displays were seen on 22 different occasions and they were accompanied 
by thunder on only 6 occasions, briefly described as follows: 

1. At 8 p. m., August 20, a low, distinct crash and rumblings were heard 7 seconds after the 
lightning flashes seen in the west. The nearest lands were the small but rocky island of Attu, of the 
Aleutian group, about 240 nautical miles distant in a northeasterly direction, and Kamchatka, about 
420 miles in a northwesterly direction. 

2. From 11 p. m., September 29, to 2 a. m., September 30, blinding lightning flashes were seen 
at altitudes of about 30° toward the northeast around to the northwest Only one thunder peal was 
heard, which was noted at l h 30 m a m., September 30. The high islands of the Solomon group were 
the nearest lands at the time, 600 miles away in a southwesterly direction A gentle easterly breeze 
was recorded at the time. 

3. Again, near the same group, rolls of thunder were heard with lightning flashes m the north- 
west at altitudes ranging from 0° to 50°, on October 7, from 2 a. m. to 5 a. m. A very light breeze 
blew from the south at the time. The islands were 250 miles to the southwest. 

4. On October 8, about 5 a. m , heavy rolls of thunder were again heard, 140 miles east of the 
Solomon Islands. Lightning flashes were observed toward the east at altitudes varying from 0° to 60°. 

5. A heavy roll was heard on October 10 at 9 h 30 m a. m., when no lightning was seen. It was 
followed 15 minutes later by vivid streaks of lightning from north to northwest, accompanied by 
loud thunderclaps. The hghtning streaks were seen at various altitudes from 0° to 80°. The first 
claps of thunder occurred about 20 seconds after the flashes, and the interval gradually decreased to 
4.5 seconds, to grow to about 20 seconds again, corresponding to an approach and retiring of the 
storm. The nearest land was the Solomon group, 50 miles to the west. 

6. Thunder was heard during a squall 450 miles northwest of the high land of South Island, New 
Zealand, on October 27, 1915, at 8 p. m., the hghtning flashes occurring from 70° altitude to the hori- 
zon, in the north-northwest. Lightning displays were observed again at 5 places on the way from 
Port Lyttelton to the Samoan Islands, between May 17 and June 7, 1916. Thunder was heard at 
3 of these. The notes are briefly summarized as follows : 

a. Sheet-lightning, accompanied by thunder, was seen, May 28 at 9 and 11 p. m. about 5° 
above the horizon and from southwest to southeast. Flash-lightning with thunder occurred over- 
head the next morning, at 5 h 20 m . About 2 hours later sheet-lightnmg was observed in the south- 
east without, however, hearing thunder. The wind during this time came from northwest-by-north 
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with a force 4, Beaufort scale. The ship's approximate position was latitude 30? 8 south, and longi- 
tude 173° west. The nearest land was coral atolls, about 200 miles westward. 

b. A very heavy clap of thunder occurred on June 4 at 1 p. m. in approximate latitude 19?5 
south and approximate longitude 169! 9 west, about 20 miles southeast of rocky and timbered islands. 
The wind of force 5 was from east-southeast. 

c. At 10 p. m. of the same day thunder and lightning were again noted in latitude 19?3 south and 
m longitude 170?4 west, about 30 miles from the same islands. The wind was east, with force 4. 

7. An examination of the record also reveals the following facts, which appear to have an impor- 
tant bearing on the question referred to in first paragraph: 

a . There was no recorded occurrence of streak-lightning without the accompanying thunder. 

1. Displays of flash and sheet-lightning, unaccompanied by thunder, were seen on one occasion 
as high as 70°, but usually the recorded angular altitude was not above 35°. 

c. An important fact may be deduced from one of the recorded storms, viz, the varying time- 
interval between flash and clap, recorded in the lightning storm of October 10, clearly indicated the 
approach and recession of the storm, and showed that the thunder was lost to the Carnegie 7 s observers 
when the storm was over 5 miles distant, as determined by the first and last intervals of about 20 
seconds. 

d. Several times lightning, unaccompanied by thunder, was seen in calm weather, and only 
once was it observed when the wind force exceeded 4 of the Beaufort scale. From these facts it 
may be concluded that the noise on ship is not the reason for the apparent silence of some lightning- 
storms at sea. 

e. The record shows, however, that thunder was heard at no greater distance than 600 nautical 
miles from land, which in this extreme case was of such mountainous character as would tend to 
intensify the thunder. 

It may be concluded from 7a, 7b, 7c, and 7 d that many lightning storms are too distant to be 
heard, while from le it can only be said that, if the presence of land is necessary to make audible the 
sound of thunder at sea, as has been suggested, then it is possible that the land may be very distant 
at times, so far even as 600 miles. 

The facts thus far noted are yet too few to warrant any final conclusions. It is expected that 
additional data will be available before the present cruise of the Carnegie will have ended. 

J. P. Ault: On tee Sub- Antarctic Yoyage of the Carnegie from Lyttelton to Lyttelton, 
via South Georgia, December 6, 1915, to April 1 , 1916. 

I beg to submit the following report on the circumnavigation trip of the Carnegie from Lyttelton 
to Lyttelton via South Georgia, December 6, 1915, to April 1, 1916. 

For the first week after leaving Lyttelton the winds were mainly from the SSW, forcing us con- 
siderably to the eastward of our route; so much so that we sighted the Antipodes, bearing south, 
distant 20 miles, on December 9, and would have passed over the charted position of the Nimrod 
Group had the wind remained m the south another 12 hours. It had not been the intention to go 
near this group, but the adverse winds sending us so near them, it was decided to stand on toward the 
east another day, to endeavor to sight them; but the wind shifted to the north 12 hours too soon and 
we passed 40 miles to the SW of the position. [The Nimrod Islands were stated to have been seen, 
at a considerable distance, by Capt. Henry Eilbech m the Nimrod in 1828, who placed them in about 
56?5 S and 158?5 W. 1 ] 

On December 7, a mirage presenting the appearance of distinct and extensive land was seen in 
the west, in the direction of Banks Peninsula, which was 190 miles distant at the time. 

We crossed the 180th meridian December 9, so repeated the date as December 9 (2). Our first 
piece of ice was sighted on December 18, lat. 60° 12' S, long. 150° 46' W, and on December 19, 30 
icebergs, some being over 400 feet high and 1 mile long, were passed. We had snow on December 18, 
19, 20, and 21, and rather wintry weather. The barometer dropped to 28.26 inches on December 18, 
during the snow storm. No icebergs were seen after December 24 until January 10, just before 
arrival at South Georgia, when 8 or 10 good-sized bergs were passed. 

As our route lay near the charted position of Dougherty Island, we determined to look for it. 
On the afternoon of December 24, the cry of “land ahead" was given and we saw what appeared to 


I See footnote, page 327. 






»' ‘I 


Views on the Sub-Antarctic Voyage of the Carnegie, 1915-1916 

1 At King Edward Cove, South Georgia 4 Visitors at Lyttelton 

2 Seas encountered and showing vessel’s motion 5 Watch officers and crew, Lyttelton, April 1916 

3 One of many icebergs 6 Scientific staff, Lyttelton, April 1916 
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be a bold, dark rock island. Immediately our course was shaped to pass near it. Everyone was 
convinced that either a new island had been discovered or that the position given for Dougherty Island 
was very much m error. It seemed to be a rocky cliff with a snow cap. Nearer approach, however, 
proved that the supposed island was an iceberg, 225 feet high by l mile long The light was 
reflected from the perpendicular ice-wall in such a way as to give the berg the appearance of a huge 
dark rock. The morning of December 25 found us within 3 miles of the position given for Dougherty 
Island. The weather was cloudy but the seeing was good. Nothing could be seen from the mast- 
head. I went aloft myself every half hour while we were passing the position given for the island. 
Had anything over 100 feet high been within 35 miles of the vessel m any direction we would have 
seen it. At 3 h 40 m a. m., December 25, Dougherty Island should have been 3 miles SE of us. 
There was nothing visible within a radius of 35 miles at the time. The island has either been charted 
in the wrong place, or it has disappeared, or possibly it was an ice-island. Our experience on December 
24 would confirm the possibilities of optical illusions. The Carnegie’s track (see Fig. 14) extended 
from lat. 59° 28' S, long. 123° 17' W, to lat. 59° 08' S, long. 110° 10' W; daylight and good seeing 
were had all the time. If any one else attempts to locate the island, he should try either 40 miles 
south or 40 miles north of the charted position. We assumed the island to be at 59° 21' S, and 
between 119° 10' W, to 120° 20' W. [Dougherty Island was supposed to have been seen by Capt. 
Dougherty in the James Stewart m 1841, who located it approximately in latitude 59° 20' S 
and longitude 120° 20' W. In 1859, Capt E. Keates in the Louise sighted an island, assumed to be 
Dougherty, assigning the position to it: 59° 21' S and 119° 07' W. 1 ] 

December 30 and 31 were the first fine days experienced since our departure from Lyttelton. 
In spite of storms, rain, snow, fog, and prevailing cloudy weather, we succeeded in getting decimation 
observations daily, and averaging twice daily during the entire trip. This was accomplished by 
taking advantage of every opportunity and spending considerable time standing by. Frequently 
we would make six or more trips to the bridge before being successful. At other times observations 
would be made during the only 5 or 10 minutes that the Sun was visible on the entire day. 

The winds were mainly from the westerly semicircle, north and northeasterly winds with high 
and falhng barometer, shifting to northwest and west when the barometer began to rise; ram and 
mist occurred nearly every day. Fogs were quite frequent, but not of long duration. 

The entire party has enjoyed thus far the very best of health, and the weather has not been very 
severe. It has been more enjoyable in fact than a trip through the hot tropics. 

We arrived at King Edward Cove, South Georgia, January 12, 9 h 30 m a. m , going the last 24 
hours under our auxiliary power. The total run from Lyttelton to South Georgia was 5,440 miles, or 
an average of 144 miles for 37.9 days; the total distance logged was 6,010 miles. 

The Carnegie left South Georgia at 7 p. m., January 14, 1916, towed out of harbor against a 
heavy head-wmd by the steam whaler Fortuna. In the following days we realized that we were in 
climatic conditions quite different from what we had experienced previously. Icebergs appeared 
in increasing numbers, and fog was almost continuous. We will long remember January 18 as the 
only day during the entire trip of 4 months when we failed to obtain observations of the magnetic 
declination. The Sun was visible for only 3 seconds during the entire day, giving no opportunity for 
observations. 

Larger icebergs were seen as we neared Lindsay Island, one looming up through the fog like a 
vast extent of dark land with the bright ice-blmk reflected from the fog above it. We encountered 
an ice stream where small pieces were too numerous to dodge. 

On January 22 we passed along the north coast of Lindsay Island about 3 miles offshore, 
obtaining a good view of this lonely, desolate place, with its deep mantle of snow and ice, surrounded 
with the wrecked icebergs that have come to grief on its shoals. A delegation of 6 penguins came out 
to greet us, the only ones seen in this vicinity. 

The island agrees almost exactly in appearance and outline with the description and sketch given 
in the British Admiralty’s Africa Pilot, Part II, 1910. It was surveyed by the German Deep Sea 
Expedition of 1898 in the Valdivia . They gave the position for its center as latitude 54° 26' S, 
longitude 3° 24' E. Our observations place its center in latitude 54° 29' S, longitude 3° 27' E, or 

According to Nature, vol 97, No 2431, June 1, 1916, page 237, “in 1909, on the homeward voyage of the Nimrod , with Sir 
E H Shackleton’s Antarctic Expedition, Capt J K Davis made a thorough search for the Nimrod and Dougherty Islands, 
and failed to find them, they were in consequence removed from the last edition of the Prince of Monaco’s bathymetrical chart 
of the oceans.” 
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about 3 miles from the position assigned by the Valdivia. This is a very close check in position for 
these regions, and we had no difficulty in locating the island. When our reckoning had placed it 
about 10 miles southeast of the vessel, we were able to locate it in the proper direction by noting the 
outline of a snow-covered glacier which appeared motionless through the shifting rifts in cloud and fog. 

Some authorities have called this island “Bouvet Island,” thereby causing a little confusion. 
H. R. Mill in his book “The Siege of the South Pole,” 1905, gives a couple of pages to a description 
and picture of Lindsay Island, but names it “ Bouvet,” and gives as its position the latitude and longi- 
tude quoted above from the British Admiralty Pilot as that of Lindsay. Both books give as their 
authority the German Deep Sea Expedition of 1898. The British Admiralty Pilot states that “In 
November, 1898, the island (Bouvet) was searched for unsuccessfully by Captain Krech, of the German 
Deep Sea Expedition vessel Valdivia. Its position must, therefore, be considered uncertain.” We 
agree with this conclusion, since we check so well the Valdivia’s position of Lindsay Island 

Stieler’s Hand-Atlas, 1907, publishes a map of Bouvet in a small insert with its south polar 
charts. The position given, the coast outline, and appearance are those of Lindsay Island. 

Did Cap tains Bouvet and Norris see Lindsay Island or some island that has never been seen 
again? They reported it, Captain Bouvet in 1739, and Captain Norris in 1825, and placed it in 
latitude 54° 00' S to 54° 15' S and in longitude 4° 30' E to 5° 00' E, or about 15 miles north and 
about 50 miles east of Lindsay. We know that this position is seriously m error, for Cook, Ross, and 
Moore searched unsuccessfully for this island while on their various Antarctic cruises 

After t.g.1Hn g bearings of Lindsay Island and such views as the weather and clouds permitted, 
we stood east in the hope of sighting Bouvet Island. Unfortunately, drifting ice, though in small 
pieces, be cam e so thick that we thought it best to change our course to the north to avoid delay m this 
locality. So disappeared our chance of sighting either Bouvet or Thompson Islands. 

Shortly after leaving the vicinity of Lindsay Island, it was decided to stand northward toward 
the Crozet Islands, so as to cut the isogonic lines at a greater angle. 

When within 30 miles of the southwest point of Kerguelen Islands the weather became unfavor- 
able for makin g the land, fog set m, and a gale began to blow, with a rapidly falling barometer. 
The vessel was immediately headed south to avoid outlying dangers, and when clear the course was 
set toward Heard Island. The season was advancing, and as a large area remained to be covered 
before our return to Port Lyttelton, a delay of a week or more in order to land at Kerguelen seemed 
unwarranted. This was February 6, and in the evening a copper box, tightly sealed, containing 
abstracts of all results to date, was set adrift on a float. The following was stamped on the copper 
box with steel dies. “Mail to the Carnegie Institution, Washington, D. C., U. S. A., from Yacht 
Carnegie, February 6, 1916.” The float was set adrift at 8 p. m. in latitude 50° 14 '3 S, longitude 
68° 1912 E. The only sign of human kind seen during 4 months, except at South Georgia, was a 
corpse floating in the open sea, about halfway between Heard and Kerguelen Islands, far from land. 
This was on February 7, at latitude 51° 12' S, longitude 71° 26' E. 

On February 8 our course was set to the northward to intersect the Carnegie’s track of 1911, and 
to determine the annual change of the magnetic elements. We made the first mtersection in good 
time, but encountered head winds and later a calm, when attempting to make the second crossing. 
With the aid of the engine, however, we were able to make the desired point. 

The annual changes determined were as follows: 17' in declination, increasing numerically west 
values, as opposed to 8' shown on the charts; — 2' in inclination, increasing numerically southerly 
dip; and — 0.0007 c.g.s. in horizontal intensity, the value of this element decreasing. 

The brief rest in quiet seas and in warm sunshine was very welcome, but the season was advanc- 
ing and we were obliged to turn southward again and plunge into the dark and stormy regions of the 
“roaring forties and furious fifties.” The stormiest period of the trip awaited us. The heaviest 
gales and roughest seas yet encountered were experienced, but the vessel stood the strain well. 

As the Carnegie proceeded south toward the region of Queen Mary Land, the chart errors in 
decimation constantly mcreased until, in the region of latitude 60° S, longitude 110° E, they reached 
a m aximum of — 12° for the United States and British charts, and of — 16° for the German chart, 
i. e., the charts gave values of west declination numerically too small by 12° to 16° 

On March 23, during magnetic observations in the afternoon, the horizontal intensity ranged 
from 0.098 to 0.110 c. G. s., possibly indicating a magnetic disturbance of some kind. 

One iceberg was seen on March 1, the only one encountered since January 28. Owing to the 
decrease in horizontal intensity and the consequent uncertainty of the compasses, it was decided to 
turn to northward on this date, latitude 59° 24' S having been reached. A few hours before turning 
northward a south wind sprang up, so it was well that we continued no farther in that direction. 
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The portion of our route extending into the Australian Bight was accomplished without special 
difficulty, and latitude 39° 29' S was reached. Going south again, the Carnegie sailed as far as 
latitude 57° 25' S, obtaining the low horizontal intensity of 0.086 c. g. s. 

Owing to conditions of weather and lateness of season, it was thought best to head directly for 
Port Lyttelton, considering that we would intersect at good angles all isomagnetic lines. 



Fig 14 — Showing Track of the Carnegie’s Sub- Antarctic Voyage, December 0, 1915, to April 1, 1910 

The Snares were sighted early on the morning of March 29. They were almost exactly where 
we expected to see them, so we knew that our chronometers were giving us nearly correct longitudes, 
after 4 months of hard usage and with the wide range in temperature obtained m the cabin on account 
of the presence of the heating stove. 

Observations for intensity and inclination were taken every day regardless of conditions, even 
when the vessel was hove to in a hurricane and was being tossed about like a chip, and mountainous 
seas were threatening to break through the observing domes. Magnetic declinations were observed 
on all but one day, during the four months’ cruise — a remarkable record, considering the prevailing 
conditions of fog, mist, rain, and snow. This record was made possible only by the constant watch- 
fulness of the entire party and by taking advantage of every opportunity. Considerable time was 
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spent in ‘'standing by,” waiting for a break in the clouds or fog. Frequently only a small opening 
in the clouds would be seen approaching the Sun; then the vessel would be directed to the proper 
heading and all observers would be called to their stations ready to begin observations the moment 
the Sun appeared. Often the Sun was not seen again during the day. 

I can not speak too highly of the work done by each and every member of the party, as to spirit 
of cooperation and unfaltering zeal in the face of most trying conditions. 

Gales occurred of force 7 or higher, Beaufort scale, on 52 out of 120 days. On 26 days the gales 
were very strong, having an estimated force of 9 to 1 1. We were overtaken by a continual procession 
of circular storms, moving about the south polar continent from west to east, and were invariably 
caught in the northern semicircle, as indicated by the barometer changes A falling barometer 
always presaged northerly winds shifting to the northwest and blowing hard. As the barometer 
began to rise, the wind shifted to southwest, blowing a strong gale if the barometer rose rapidly. 
The temperature of the sea water was taken every hour during the entire cruise, excepting the first 
few days. The air temperature averaged about 5° C We had precipitation of some sort, mis t, 
light rain, fog, rain, hail, or snow on 100 days out of the 120 days of the voyage Fog was recorded 
on 20 days, and snow 16 days. 

We were m the region where icebergs may be encountered for a period of 3f months, yet saw 
them on only 24 days, and to the number of only 133, the largest being 5 miles long and the 
highest being 400 feet high 

Upon the return to Port Lyttelton (April 1), there still remained 2 tanks of fresh water on board, 
and potatoes and onions sufficient for 3 more weeks. 

The vessel sustained no serious damage during the trip. The metal fastening of the upper top- 
sail yard broke on January 4, but the yard was successfully lashed to the parral and gave us no 
further trouble. The bronze bob-stay carried away at the forward end on February 24. It was 
fished up after some difficulty and secured with a dead eye and lanyard. Upon examination in the 
dry dock, the vessel’s hull was found absolutely clean and undamaged, only one sheet of copper near 
the keel requiring renewal. 

The total distance run from Lyttelton to Lyttelton was 17,084 miles, giving an average of 145 
miles for 118 days. The entire track followed is shown in Figure 14. 


ABSTRACTS OF LOGS OF THE CARNEGIE. 


W. J. Peters: Abstract oe Log, Cruise I, 1909-1910. 
Block Island, Rhode Island, to St John’s, Newfoundland. 


Date 

Noon position 

Day’s 

Remarks 

Lat. 

Long. 

E of Gr. 

run 

1909 

o r 

o / 

miles 


Sept 13 1 

Block Island 

71 

ll h 48 m a m left Block Island Calm to gentle westerly breezes. Partly cloudy 

14 

4U 47 N 

290 05 

Light breeze from W to S and calm Clear 

15 

40 40 N 

290 51 

35 

Gentle breeze from E Paitiy cloudy. 

10 

40 54 N 

291 34 

36 

I 11 35 m a m stopped engine Calm and partly cloudy. 

17 

41 08 N 

292 45 

55 

Moderate breeze from S. Partly cloudy 

18 

41 57 N 

296 18 

167 

Moderate northerly breeze Cloudy. 

19 

41 49 N 

299 06 

125 

Fresh northeasterly breeze. Cloudy 

20 

42 21 N 

298 42 

37 

Gentle breeze from E followed by calm Clear, 

21 

42 36 N, 

298 53 

17 

Calm to gentle northwesterly breezes. Clear 

22 

43 38 N 

300 40 

100 

Gentle breeze from NNW to W Clear. 

23 

44 55 N 

303 35 

147 

Moderate northwesterly breeze Overcast and foggy with light ram 

24 

46 09 N 

306 55 

159 

Moderate northerly breeze Overcast and foggy with ram. 

25 

St John’s 


63 

10 b 30 m p m anchored in St John’s harbor Gentle southeasterly breeze 
Overcast. 


Total distance. 1,012 miles Time of passage 12 4 days. Average day’s run 81 6 miles. 


‘The Carmgie left Brooklyn August 21, 1909, for trial run and for swings in Gardiners Bay When these had been com- 
pleted, she prooeeded to Block Island to await a favorable wind. 
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St John's, Newfoundland, to Falmouth, England. 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1909 

0 / 

0 / 

miles 


Oct 2 

St John’s 



IQh i2 m a m passed out of St John's Harbor Light air from WSW Cloudy 

3 

47 58 N 

309 00 

71 

Light breeze from NW. Overcast and foggy 

4 

48 23 N 

312 02 

124 

Light breeze from NW. Cloudy 

5 

48 47 N 

314 01 

84 

Gentle breeze from SW Heavy swell from NE Cloudy 

6 

49 12 N 

316 38 

106 

Moderate gale from WNW Cloudy with frequent showers 

7 

49 31 N 

321 41 

198 

Moderate gale from WNW Cloudy Heavy showeis 

8 

50 14 N 

326 54 

206 

Moderate to strong gales from WSW to W Squally with heavy sea from 





W by S to W by N Cloudy Heavy showers 

9 

50 44 N 

331 45 

188 

Fresh breeze from W to WNW. Moderate sea Cloudy with showers. 

10 

50 36 N. 

337 09 

205 

Moderate gale from WSW Heavy squalls of ram and wind Cloudy 

11 

50 23 N. 

341 54 

182 

Fresh breeze from W Heavy sea from WNW. Heavy squalls Cloudy with 





ram Lightning in E and SW 

12 

50 00 N. 

347 02 

198 

Fresh breeze from W. by N Squally Rain 

13 

49 25 N 

351 42 

185 

Stiff breeze from W Cloudy 

14 

Falmouth 


158 

Moderate breeze from W 9 h 01 m a m. anchored m Falmouth Bay. 


Total distance 1,905 miles Time of passage 12 days Average day’s run 158 8 miles 


Falmouth to Funchal, Madeira 


1909 

0 

' 1 

o 

/ 

miles 


Nov 9 

Falmouth 




Proceeded to Falmouth Bay. Light westerly winds 

10 

49 

49 N 

354 

29 

35 

7 h 43 m a m left under sail 10 h 16 m a m passed Lizard Stiff wind NNW 

11 

48 

51 N 

351 

09 

141 

Stiff to light wind NNW. to NNE 

12 

48 

36 N 

349 

58 

49 

Weather cloudy Sea smooth Light airs from NW to N 

13 

47 

44 N 

348 

23 

81 

Light airs from NNW Overcast, passing showers, calm 

14 

46 

28 N 

345 

41 

137 

Wind NE to E , moderate to stiff Overcast; passing showers 

15 

44 

34 N 

344 

32 

123 

Wind NE to SE Light breeze to moderate gale Rough sea 

16 

42 

17 N 

344 

10 

136 

Moderate to whole gale from SE. quadrant Rough sea Sky overcast 

17 

41 

53 N 

343 

38 

36 

Moderate to fresh gale and high sea from SE. to E. Overcast and ramy 

18 

40 

34 N 

341 

39 

120 

Stiff to fresh wind from E to W. Heavy sea from E 

19 

40 

23 N 

341 

57 

19 

Moderate wind SSE to SW. 

20 

40 

15 N 

342 

05 

13 

Calm to light airs Weather cloudy - 

21 

39 

52 N. 

342 

24 

25 

Light baffling airs SW to W. Cloudy weather, with rain and squalls 

22 

37 

00 N 

343 

27 

177 

Weather clear Wind westerly, moderate to fresh 

23 

35 

47 N. 

343 

35 

80 

Calm to moderate Easterly wind. Partly cloudy weather 

24 

Funchal 



209 

7 h 25 m p m anchored off Funchal 


Total distance 1,381 miles Time of passage 14 5 days Average day's run 95 3 miles 


Funchal to Hamilton, Bermuda. 


1909 
Dec 1 

o / 

Funchal 

o 

r 

miles 

4 h 10 m p m left Funchal. 

2 

30 

26 N 

341 

30 

150 

Wind easterly Weather fine 

3 

28 

01 N 

339 

48 

167 

Moderate wind ENE Weather fine. 

4 

26 

13 N 

338 

35 

127 

Moderate E wind Fine weather. 

5 

24 

35 N 

336 

24 

152 

Moderate E. wind Fine weather. 

6 

22 

59 N 

334 

20 

149 

Moderate E wind Fine weather 

7 

21 

38 N 

331 

40 

163 

Moderate E to SE wind Fine weather. 

8 

20 

54 N 

328 

17 

206 

Fresh SE winds 

9 

21 

05 N 

325 

48 

136 

Mod SE winds. Cloudy , long rolling seas , passing showers , blue sky , squally 

10 

21 

05 N 

324 

31 

75 

Gentle ENE winds Blue sky, cloudy, ram squalls 

11 

20 

50 N 

322 

35 

109 

Moderate NE wind Weather fine Moderate NW. swell 

12 

20 

38 N 

320 

30 

121 

Moderate NE to ESE. wind Weather fine, moderate NNW. swell. 

13 

20 

38 N 

319 

14 

72 

Light E winds Fine weather Moderate northerly swell. 

14 

20 

28 N 

318 

01 

74 

Light airs to gentle breeze NNE. to E Partly cloudy. 

15 ; 

19 

56 N 

316 

30 

94 

Light N to NNE wmd High swell NNW , cloudy 

16 

20 

03 N 

314 

11 

132 

Gentle N to NNE wind High swell NNW , partly cloudy 

17 

20 

02 N 

312 

25 

101 

Gentle NNE to E wind. Swell going down Partly cloudy. 

18 

20 

01 N. 

311 

56 

31 

Light airs and calm, partly cloudy. 

19 

19 

45 N 

311 

16 

42 

Light airs and calm; partly cloudy 

20 

19 

48 N 

310 

18 

54 

Light airs and calm, partly cloudy 
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Date 

Noon position 

Day’s 

run 

Lat 

Long 

E of Gr 

1909 

o 

/ 

O 

/ 

miles 

Dec 21 

19 

40 N 

309 

54 

27 

22 

19 

44 N 

309 

17 

38 

23 

19 

54 N 

308 

26 

51 

24 

20 

53 N 

306 

16 

138 

25 

21 

46 N 

305 

33 

66 

26 

21 

36 N 

305 

08 

23 

27 

22 

24 N 

303 

39 

98 

28 

23 

02 N 

302 

11 

90 

29 

23 

58 N 

300 

35 

103 

30 

25 

14 N 

298 

13 

153 

31 

25 

33 N 

297 

35 

37 

1910 






Jan 1 

25 

50 N. 

295 

56 

93 

2 

26 

46 N 

294 

28 

96 

3 

28 

03 N 

293 

13 

105 

4 

28 

31 N 

292 

46 

36 

5 

29 

45 N 

292 

09 

82 

6 

31 

11 N 

292 

22 

91 

7 

Hamilton 



190 


Ocean Magnetic Observations, 1905-16 

Funchal to Hamilton, Bermuda —conclvded 


Remarks 


Engine started 9am, 
Engine started 10a m 


stopped 7pm 
stopped 1pm, 


Light airs and calm , partly cloudy 
Light airs and calm , partly cloudy 
Light airs and calm , partly cloudy 
Light SE wind followed by moderate to fresh wind S. to SW 
High NW swell Weather partly cloudy. 

WmdSSE W to^w e H ;f h , NW -eH Weather partly cloudy 

Wind SSE to SW. Heavy squall of wind and ram from NW. 

Heavy squalls of NW wind and ram High NW swell. Wind NE to SW 
Fine weather, gentle to moderate wind from ESE to S. High NW swell 
Moderate to stiff wind SE to S Fine weather 

W “e d ar S tocloud^ W ‘ Llght air to moderate gale Heavy swell Weather 

Heavy NW. swell Weather clear to cloudy Light to mod windNNW toNNE 
Moderate to fresh wind NNE to NE Heavy squalls of wind and ram 
Moderate to light NE wind Fine weather ram 

Light breeze from NE quadrant followed by calm. 

Wmd ZT«S d 6 1 moderate gale from NE with i ough sea 
12 h 4 0 m p m received pilot off Gibb’s Hill 5pm anchored off Ducking Stool 


3,672 miles Time of passage 37 days Average day’s run 99 2 miles 
Hamilton to Brooklyn 


Feb 


1910 
J an 28 

29 

30 

31 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 
17 


Hamilton 
34 59 N 
24 N 
38 N 

32 N. 
43 N 
ION 

33 N 
15 N 
52 N 
41 N. 
56 N 
07 N 
05 N 
17 N 
12 N 
19 N 


Brooklyn 


292 34 
292 41 
291 39 
291 08 
290 34 
289 46 

289 26 

290 55 

291 04 
289 58 
289 54 
289 04 
288 36 
289 06 
287 10 
287 50 


miles 

234 

26 

89 

59 
56 
50 
85 
73 
25 

102 

27 

135 

123 

77 

100 

72 

60 
55 


81 


9 h 30 m a. m left Hamilton 
Wind backs, then blows a gale 

ohonm h ° Ve t0 ° n 8 tack Stron £ « ale W 

oU p m wore ship to eastward Heavy squalls Mm bar 753 0 
Overcast, ram, long rolling sea and tide rips 
Heavy gale from N 
Wind backing and moderating 
Strong gale from W. to NW Rough sea 
Gale moderating 

NW gale, snow and hail Rough sea 
NW gale, snow and hail Rough sea 
Wind and sea moderating 
Moderate to fresh W to NW. wind 
Moderate gale SW to NW Rough sea 
Moderate gale NW by W , then moderating 
wtwvw 8 . V p “ strong gale E , thick snow 
Monluk Pomt ’ m ° derat6 tD ** ^ ™ led by Calma 6 * m P-sed 
3 am. came to anchor N of Montaulc Pt 8 h 30“ hove short 
w ? “ anchor, 10* 03“ Little Gull Lt , 11* 26“ Orient Pt 

W 10^, n m tO J ar ?% NeW i, HaV ^ n 3 a m oame t0 anchor off Clinton, Conn 
10 a. m weighed anchor, 4pm Heaton’s Dock, New Haven 

6k 41“ a* l?° d ^ New Haven ’ Conn - Head wind 

quarantme lef 7Mnm HaV< ^ m , taw of tu « Alert - 5 h 15“ p m stopped at 
quarantine 7*> 30“ p. m docked at Brooklyn. 


Total distance 1,529 miles Time of passage 20 4 days Average day’s run 75 0 miles 

Summary of Passages for Cruise I of the Carnegie 

Table 67 


Passage 

Length of 
passage 

Time of 
passage 

Aveiage 
day’s run 

Brooklyn to Block Island 

Block Island to St John’s 

St John’s to Falmouth 
Falmouth to Funchal 

Funchal to Hamilton . 
Hamilton to Brooklyn 

miles 

101 

1,012 

1,905 

1,381 

3,672 

1,529 

days 

12 4 

12 0 

14 5 

37 0 

20 4 

miles 

82 

159 

95 

99 

75 


Length of Cruise I 9,600 miles q a , , 

i mues xime at sea 98 3 days Average day's run 100 miles 
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W. J. Peters: Abstract of Log, Cruise II, 1910-1913 


Greenport, Long Island, to Port Mtjlas, Vieqtjes 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1910 

0 

' 

o 

/ 

miles 


June 29 l 

Greenport 




oh 45m p m i e f t Greenport under power and sail. 4 b 45 m p m stopped 







engine Moderate breeze from W. 

30 

40 

53 N 

289 

08 

34 

Calm to moderate SW breeze Sea smooth. Lightning during evemng 

July 1 

40 

00 N 

292 

06 

146 

Gentle breeze from SW to NW and calm Sea smooth Gulf Stream 

2 

39 

42 N 

294 

39 

118 

Moderate breeze from SW Sea moderate, increasing 

3 

37 

52 N 

296 

18 

166 

Stiff breeze from NW to SW Sea choppy 

4 

37 

56 N 

299 

06 

86 

Moderate breeze from SW Sea choppy to rough. Left Gulf Stream 

5 

38 

12 N 

303 

26 

206 

Stiff breeze from SW and SW by W. Heavy sea Ram and wind squalls. 

6 

38 

12 N 

307 

16 

182 

Stiff to light breeze, SW to NNW. to NNE Rainy and squally to clear 

7 

37 

56 N 

309 

26 

103 

Light breeze from NE to NW to NNE 

8 

37 

59 N 

310 

48 

65 

Light variable airs and calm Moderate swell 

9 

37 

03 N 

311 

53 

76 

Gentle breeze from W to SW. Smooth sea 

10 

35 

57 N 

312 

53 

81 

Gentle breeze from SW. to S. and calm Sea smooth 

11 

35 

33 N 

313 

02 

25 

Light vanable breezes and calm Sea smooth. 

12 

34 

48 N 

313 

17 

47 

Calm Sea smooth 

13 

33 

53 N 

313 

59 

66 

Vanable breezes Sea smooth 

14 

33 

09 N 

314 

08 

44 

Wind variable, and calm. Sea smooth. 3 h 15 m p m started engine 

15 

31 

05 N 

314 

02 

124 

Wind vanable, and calm. Sea smooth 

16 

29 

47 N. 

313 

52 

79 

Wind variable, and calm. Caught NE trades. 12 h 05 m a m engine stopped; 







4 h 55 m p m started, midnight, stopped 

17 

28 

10N 

313 

35 

98 

Gentle SE breeze. 

18 

25 

39 N. 

312 

02 

172 

Moderate breeze from ESE to E 

19 

23 

27 N 

309 

23 

196 

Stiff breeze from E 

20 

21 

48 N. 

306 

30 

187 

Stiff breeze from E. 

21 

20 

24 N. 

303 

51 

171 

Moderate breeze from E by N 

22 

19 

13 N 

301 

07 

170 

Moderate breeze from ENE 

23 

18 

49 N 

297 

59 

180 

Stiff breeze from NE to ENE 

24 

Port Mulas 



194 

Stiff breeze from E by N to E by S 2 h 05 m p. m. anchored at Port Mulas 


Total distance 3,016 miles Time of passage 25 daj's Average day's run 120 6 miles. 


x The Carnegie left Brooklyn, June 20, to make swings in Gardiners Bay and for final preparations before going to sea, 
usually anchoring off Greenport 

Vieques and San Juan to Para 


1910 
July 27 

u * *3 

Aug 1 

5 

7 

18 

0 / 

Port Mulas 

Target Bay 
Port Mulas 
Target Bay 

San Juan 

0 


miles 

12 

12 

12 

56 

38 

7 h 17 m a m. proceeded from Port Mulas under sail Fresh easterly breeze 

8 h 35 m p m anchored m Target Bay 

Left 11 a m. under sail Mod breeze, ENE 2 h 40 m p m arrived Port Mulas 
Left6 h 15 m a m under sail. Mod breeze, ENE. 4 lh 50 m p m arrived Target Bay 
6 h 45 m a m left Target Bay under sail Moderate northeasterly breeze 

5 h 20 m p m. arrived at San Juan Sea smooth 

Left 7am under engine-power Mod. breeze, ENE 8am stopped engine 


19 

22 

11 N 

192 

58 

193 

Moderate breeze from ENE. 


20 

24 

55 N 

193 

36 

168 

Fresh breeze from E by S 


21 

27 

43 N 

194 

40 

178 

Fresh breeze from E. by S 


22 

30 

23 N 

196 

34 

189 

Moderate to fresh breeze from SE. by E 


23 

32 

43 N 

198 

17 

165 

Moderate breeze from SE. to calm 


24 

33 

14 N. 

298 

39 

37 

Light airs and calm. 


25 

33 

04 N 

300 

39 

101 

Gentle to fresh bieeze from NNE Sea moderate 


26 

32 

51 N 

303 

39 

152 

Gentle to fresh breeze from NE Sea moderate. Squalls 


27 

32 

26 N. 

304 

59 

72 

Calm and light airs Squalls Long SE swell. 


28 

32 

30 N. 

305 

41 

36 

Calm and light airs Squalls. Long NE swell. 


29 

32 

21 N 

305 

52 

13 

3 h 10 m p. m. started engine, 8pm stopped engine Calm. 


30 

31 

54 N 

307 

16 

76 

7 h 55 m a m started engine, 4 h 18 m p m stopped Light air 


31 

30 

58 N. 

308 

37 

89 

Light airs to fresh breeze 

Sept 

1 

28 

40 N 

312 

11 

227 

Fresh breeze WSW to NE. Sea choppy 


2 

27 

43 N. 

313 

33 

96 

Light airs to moderate breeze 


3 

26 

11 N. 

314 

00 

95 

Calm to moderate ESE breeze Caught trades 


4 

24 

03 N 

314 

34 

133 

Moderate breeze from ESE 


5 

22 

03 N. 

315 

38 

134 

Moderate breeze from E 


6 

19 

48 N. 

317 

02 

155 

Moderate breeze from E 


7 

17 

26 N 

318 

22 

161 

Moderate breeze from ENE. Squalls 


8 

15 

24 N 

319 

36 

141 

Moderate breeze from ENE Squalls 
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Vieques and San Juan to Para — concluded 


Date 


Noon position 

■ 


Remarks 


Lat 



1910 

0 


0 

/ 

miles 


Sept 9 

14 

37 N 

320 

13 

58 

Variable breezes to calm Long NE swell 

10 

12 

ION 

320 

36 

149 

Variable breezes Squalls. Tide rips 

11 

10 

27 N. 

320 

43 

103 

2 h 38“ p m started engine, 12 pm stopped. Calm Long NE swell 

12 

9 

13 N. 

321 

38 

92 

8 h 40“a m started engine, 8pm stopped Calm Long NE swell 

13 

8 

08 N. 

322 

29 

82 

1pm started engine; 8pm stopped 

14 

7 

13 N. 

323 

06 

67 

9 b 45“a m. started engine, 6pm stopped 

15 

6 

41 N. 

323 

12 

33 

Light variable airs. Sea smooth 

16 

6 

17 N. 

323 

17 

24 

Light variable airs. Sea smooth 

17 

5 

52 N. 

324 

06 

55 

Light variable airs and calm Sea smooth 

18 

5 

36 N. 

324 

12 

17 

Calm to moderate breeze from S by E. Caught SE trade 

19 

3 

33 N. 

322 

18 

168 

Gentle breeze from SE Sea smooth 

20 

2 

04 N 

320 

13 

154 

Gentle breeze from SSE Sea smooth. 

21 

0 

47 N 

317 

02 

206 

Gentle breeze from S by E 

22 

0 

00 

314 

07 

189 

Gentle easterly breeze. Sea choppy On soundings. 

23 

0 

24 S 

312 

03 

138 

Gentle easterly breeze. Sea choppy. On soundings Off Para Mouth 

24 

Para 



73 

Gentle breeze from NE To anchorage off Jetuba I 12 h 23 m a m anchored 

5 h 56 m a m left anchorage 10 h 10“ a m anchored off City of Para 


Total distance 4,257 miles Time of passage 37 1 days Average day’s run 114 7 miles. 


Para to Rio de Janeiro 


1910 
Oct 15 
16 

0 / 

Para 

0 

/ 

miles 

10 h 35 m p m left Para (Pmheiro Pt.). Working out of river under power. 

9 h 30“ p m left Gairotas Anchorage under power and sail ll h 55 m p m 
left river 

17 

0 

53 N 

311 

51 

89 

l h 40 m a m. stopped engine Proceeded under sail Moderate breeze from E 

18 

4 

05 N. 

311 

12 

196 

Moderate sea Fresh breeze from ENE 

19 

6 

05 N. 

311 

12 

120 

Moderate sea Gentle breeze from ENE 

20 

6 

51 N 

311 

45 

56 

Made colors to Brazilian man-of-war bound E Calm Heavy SE swell. 

21 

6 

02 N 

312 

29 

74 

Moderate sea Calm to light breeze from SSE. 

22 

7 

23 N. 

314 

08 

128 

Moderate sea Moderate southeasterly breeze. 

23 

10 

10 N. 

314 

09 

166 

Moderate sea Moderate easterly breeze. 

24 

12 

00 N. 

314 

16 

111 

Smooth sea Gentle easterly breeze 

25 

13 

09 N. 

314 

25 

70 

Moderate sea Moderate breeze from ESE 

26 

15 

17 N. 

315 

39 

146 

Moderate sea Moderate breeze from ESE. 

27 

18 

04 N. 

316 

23 

173 

Smooth sea Moderate breeze from E by S. 

28 

17 

28 N. 

317 

03 

53 

Moderate sea Fresh easterly breeze. 

29 

15 

23 N. 

318 

11 

141 

Rough sea. Moderate breeze from E by S 

30 

13 

09 N. 

318 

51 

139 

Moderate sea Heavy current nps. Moderate breeze from E by S. 

31 

11 

21 N 

319 

17 

115 

5 h 37™ p. m started engine Current nps. Gentle breeze from ESE 8pm 
stopped engine Squally, variable winds. 

Nov. 1 

12 

02 N 

320 

20 

74 

8 h 50“ a m started engine, 6 h 50“ p m. stopped engine. Long easterly swell 
Variable breezes 

2 

12 

07 N 

321 

15 

54 

8 h 25“a m started engine, 8 p m stopped it Smooth sea, current rips Calm 

3 

11 

50 N 

322 

05 

52 

S h 55“ a m started engine 5 h 05“ p m stopped engine Smooth sea, squally 
Gentle breeze from E 

4 

12 

30 N. 

322 

32 

48 

Smooth sea Gentle breeze from E by N 

5 

10 

58 N. 

323 

02 

97 

Moderate SE swell Gentle easterly breeze 

6 

11 

09 N 

323 

25 

25 

Smooth sea, variable winds 

7 

11 

52 N 

323 

58 

54 

Squally, variable breezes, smooth sea 

8 

11 

42 N 

324 

04 

12 

Squally Variable breezes Long swell from S 

9 

10 

47 N 

324 

32 

62 

Squally Long swell from S Moderate breeze from SE by E. 

10 

10 

14 N 

325 

07 

48 

Squally. Fresh breeze from E by N. Choppy sea, and long swell from S 

11 

8 

14 N. 

325 

52 

128 

Squally. Moderate breeze E by S Rough sea, waterspout passed near 

12 

6 

26 N 

326 

31 

115 

Squally Confused sea Variable breezes 

13 

6 

45 N 

327 

03 

38 

Squally. Confused sea Variable winds 

14 

5 

43 N 

327 

39 

71 

Squally Confused sea Variable winds. 

15 

3 

53 N 

327 

51 

111 

Squally Rough sea Variable winds 

16 

3 

22 N 

328 

00 

32 

Squally. Rough sea Variable winds 

17 

1 

28 N 

327 

13 

123 

Squally. Rough sea Caught SE trades 

18 

1 

11 S 

326 

02 

173 

Moderate sea Crossed the equator Fresh southeasterly breeze 

19 

4 

01 S. 

325 

32 

174 

Heavy to moderate sea Fresh southeasterly breeze 

20 

5 

23 S 

325 

27 

82 

Long SE swell Sighted Brazilian coast near Natal Fresh SE breeze 

21 

6 

00 S 

325 

36 

38 

Rough sea Fresh breeze from SE. by S Squally Beating down coast. 
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Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1910 
Nov 22 

23 

24 

25 

26 

27 

28 

29 

30 

Dec. 1 

2 

0 r 

7 41 S 

9 55 S 

12 56 S 

15 15 S 

17 45 S 

19 27 S. 
21 20 S 

21 53 S 

22 26 S 

23 03 S 
Rio do Jan< 

0 / 

325 21 

325 24 
324 46 
323 59 
323 12 
322 15 
321 02 

320 15 

321 02 
319 22 

nro 

miles 

101 

134 
185 | 

166 
156 
114 
132 

55 

55 

100 

147 

Long SE swell Passed Pernambuco Moderate biecze from SE. by S. 
Beating down coast 

Passed Cape St Augustine Moderate swell Squally, FieshESE bieeze 
Moderate breeze from E by S Moderate sea 

Fresh breeze from SE Moderate sea 

Gentle breeze from ENE Moderate swell 

Gentle breeze from NE by E Moderate swell 

Gentle breeze from NNE Moderate swell 

6pm lay to Moderate gale from SW Rough sea 

Lying to till 9am Rough sea Strong breeze from S 

Reaching till 4am Long swell Gentle breeze fiom S 
l h 55 m p m till 6 h 15 m p m under power. Long swell Calm and variable 
winds 6 h 15 m p m arrived at Rio de Janeiro 


Total distance 4,733 miles Time of passage 47 8 days Average day’s run 99 0 miles. 


Rio de Janeiro to Montevideo 


1910 

0 / 

0 , 

miles 


Dec 29 

Rio de Janeiro 


6 h 42 m p. m left Rio de Janeiro under power 

30 

23 56 S 

317 01 

55 

4 h 14 m a. m stopped engine 

31 

24 13 8 

316 42 

21 

Long SE swell, squally. Gentle southerly breeze 

1911 

25 04 S. 

317 05 

56 

Long swell from S , squally Gentle westerly breeze 

2 

26 36 S 

318 03 

106 

Long swell from SW. Gentle breeze, SW. 

3 

26 52 S 

317 36 

30 

Light airs from SW 

4 

28 11 S. 

316 08 

111 

Gentle breeze from ENE 

5 

30 09 S. 

315 17 

126 

Moderate westerly breeze 

6 

30 47 S. 

314 30 

56 

Model ate breeze, W. by S. 

7 

30 27 S. 

312 51 

84 

Gentle southwesterly breeze. 

8 

30 22 S 

312 21 

27 

Long NE swell Light airs from ENE. 12 h 55 m p m. started engine, 





ll h 25 m p. m stopped. 

9 

31 16 S 

312 02 

57 

Moderate southerly breeze 

10 

31 29 S 

312 14 

17 

Long SW swell Calm 

11 

33 23 S 

310 31 

144 

Moderate breeze, NE 

12 

34 29 S 

307 56 

148 

Long NE swell On soundings Gentle breeze, ENE 

13 

as m R 

305 56 

104 

Long easterly swell Off Cape Santa Maria Under power Vanable breezes 

14 

Montevideo 

1 

116 

ll h 05 m a m anchored, Montevideo Left Jan 16, aruved Buenos Anes 17th 


Total distance 1,258 miles Time of passage 15 7 days Averago day’s run 80 1 miles 


Montevideo to Cape Town 


1911 

0 


O 

r 

miles 

Feb 14 

Buenos Aires 

. 


15 

La Plata. 




16 

Cuirassier Bank 



17 

Cuirassier Bank 



18 

Cuirassier Bank 



19 

, Panuela Rock 



20 

I Montevideo 




21 

35 

39 S 

304 

04 

47 

22 

36 

22 s. 

305 

46 

93 

23 

36 

04 S 

307 

50 

103 

24 

36 

16 S. 

308 

18 

25 

25 

36 

28 8 

309 

36 

63 

26 

37 

34 S. 

312 

20 

146 

27 

38 

32 8. 

315 

21 

154 

28 

39 

12 S. 

319 

08 

181 

Mar. 1 

39 

28 S 

322 

00 

135 

2 

39 

40 S 

324 

31 

116 

3 

39 

56 S 

328 

02 

162 

4 

40 

37 8. 

331 

51 

180 

5 

40 

37 8. 

334 

32 

125 

6 

40 

50 8. 

336 

48 

104 


9 h 40 m a m left Buenos Aires m tow, 5 h 20 m p m. anchored off La Plata 
30 m a m left anchorage 11 a. m anchored near Cuirassier Bank 
Remained at anchor 
Remained at anchor 

4am left anchorage, 5 h 20 m p m anchored off Panuela Rock 

Remained at anchor , , 

7-h 4.5m a m anchorage at Panuela Rock; 6 h 40 m p m anchored 
2 h 50 m a m left anchorage at Montevideo, proceeded to sea Light airs, N. 
Light airs, NW Fine weather. 

Gentle SE breeze Fine weather. 

Light airs from E Long swell Fine weather 

Gentle breeze, NNE Fine weather 

Moderate NE breeze Fine weather 

Strong breeze, NE. by N Rough sea Cloudy weather 

Moderate gale, N. by E Rough sea Cloudy and misty weather 

Calm. Choppy sea Cloudy and misty weather 

Moderate gale, S by W Rough sea Cloudy and squally 

Fresh breeze, SSW. Long heavy swell. Cloudy weather 

Fresh breeze, SSW. Long heavy swell Overcast 

Variable airs. Cloudy weather 

Moderate NE breeze Overcast and rainy Gale 
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Ocean Magnetic Observations, 1905-16 

Montevideo to Cape Town — concluded 


■ 

ID ate 

Noon position 

Day’s 

Remarks 

Lat 

Long 

E of Gr 

run 

1 ion 

0 / 

0 / 

miles 


Mar. 7 

41 22 S. 

340 01 

149 

Moderate breeze, WNW Heavy sea Fog 

8 

41 16 S 

344 03 

182 

Moderate breeze from N Fog 

9 

41 01 S 

348 41 

210 

Fresh breeze from N Fog. 

10 

40 45 S 

352 41 

176 

Gentle southerly breeze Fog 

11 

40 54 S 

354 18 

74 

Moderate westerly breeze Smooth sea Fine weather 

12 

39 56 S 

358 08 

185 

Fresh breeze, SW. Fine weather to squally 

13 

39 29 S 

0 39 

120 1 

8 b 50 m a m started engine. Long swell. Light airs from SW 9 h 40 m a m 
stopped engine 

' 14 

39 23 S 

2 02 

65 

Gentle breeze, N by E Long swell Cloudy 

15 

39 06 S 

4 29 

115 

Light breeze, NNE Cloudy. 

16 

38 27 S 

7 20 

139 

Moderate northerly breeze Smooth sea Fine weather 

17 

37 58 S 

9 37 

112 

Gentle breeze, NNW Confused sea. Fine weather. 

18 

36 56 S 

11 47 

122 

Light breeze, WNW Fine weather 

19 

35 19 S 

15 53 

222 

Strong breeze, SSW. Overcast Rough sea. 

20 

Cape Town 


154 

2 h 30“ p m arrived at Cape Town Light variable airs 


Total distance 3,659 miles Time of passage 27 5 days Average day’s run 133 1 miles 


Cape Town to Colombo, Ceylon 


1911 

o 

' 1 

o 

t 

miles 

Left Cape Town, l h 30“ p m 

Rough sea, cloudy Strong breeze, WSW. 

Apr. 26 
27 

Cape Town 
35 48 S 

20 

07 

170 

28 

37 

25 S 

23 

44 

202 

Rough sea, cloudy. Moderate gale from NW. 

29 

38 

29 S 

27 

18 

180 

Rough sea, cloudy. Moderate northerly breeze 

30 

40 

04 S 

30 

20 

171 

Long swell, foggy. Gentle breeze, NNW. 

TvXay 1 

40 

22 S 

33 

33 

146 

Cross sea, overcast, cloudy and hazy. Moderate breeze, NE by N 

2 

40 

17 S 

37 

04 

154 

Cloudy. Moderate breeze, S by E 

3 

39 

46 S 

38 

16 

64 

Large school of blackfish about the ship Calm 

4 

40 

14 S 

41 

44 

161 

Cloudy. Strong breeze, S by W 

5 

38 

39 S 

44 

19 

154 

Rough sea, cloudy and hazy. Strong SW. breeze. 

6 

39 

04 S. 

47 

27 

148 

Rough sea, cloudy and overcast Fresh westerly breeze 

7 

39 

11 S 

51 

45 

201 

Heavy sea, cloudy. Gale blowing from SW . 

8 

39 

21 S 

55 

05 

155 

Rough sea, cloudy and squally. Strong breeze from W 

9 

40 

02 S 

58 

55 

181 

Partly cloudy. Fresh breeze, WSW . 

10 

40 

18 S 

62 

41 

174 

Moderate breeze, WNW. Fine weather. 

11 

40 

19 S 

67 

41 

230 

Rough sea, cloudy and squally Moderate gale blowing from WSW. 

12 

39 

40 S 

71 

08 

163 

Cloudy and squally. Moderate breeze, S. by E 

13 

39 

16 S. 

72 

15 

58 

Smooth sea, cloudy Gentle breeze from WNW. 

14 

39 

26 S. 

73 

52 

76 

Smooth sea, partly cloudy Swung ship. Gentle NE breeze 

15 

40 

12 S 

74 

25 

52 

Long swell, partly clear. Gentle breeze, ESE 

16 

38 

58 S. 

75 

31 

89 

Long easterly swell, cloudy Gentle breeze SSE 

17 

38 

43 S 

77 

21 

87 

Long swell, cloudy to clear Off St. Paul I. Gentle breeze, WSW 

IS 

37 

56 S 

77 

43 

70 

Rough sea, squally Moderate gale blowing from WNW Off Amsterdam I 

19 

35 

25 S. 

77 

38 

151 

Long swell, cloudy Light breeze, SSW 

20 

33 

54 S. 

78 

01 

92 

Long swell, cloudy Swung ship Gentle breeze WSW 

21 

31 

43 S 

77 

32 

134 

Cloudy and squally Moderate breeze, S. by E 

22 

28 

09 S 

76 

54 

217 

Caught SE. trades. Strong breeze, E by N 

23 

25 

50 S 

76 

20 

142 

Rough sea, overcast and squally Strong breeze from E 

24 

23 

38 S 

76 

22 

132 

Cloudy and squally. Moderate breeze, SE by E 

25 

20 

47 S. 

76 

32 

172 

Passing showers. Moderate SE breeze 

26 

19 

09 S 

76 

17 

98 

Smooth sea, clear. Light variable airs 

27 

18 

18 S 

76 

22 

51 

Smooth sea, passing showers Gentle breeze, SSW. 

28 

15 

22 S. 

76 

10 

176 

Partly cloudy. Fresh SE. breeze 

29 

12 

18 S 

75 

48 

186 

Partly cloudy Strong breeze, SE by E 

30 

10 

06 S 

75 

48 

131 

Partly cloudy Gentle breeze, SE by E 

31 

7 

25 S 

75 

55 

162 

Partly cloudy. Fresh breeze, SSE 

June 1 

5 

10 S 

75 

40 

136 

Smooth sea, partly cloudy Swung ship Gentle breeze, SSW 

2 

2 

46 S 

76 

16 

148 

Partly cloudy. Moderate SW breeze 

3 

0 

21 N. 

76 

19 

187 

Partly cloudy Moderate breeze, WSW 

4 

2 

06 N. 

77 

06 

116 

Confused sea, cloudy and squally. Gentle breeze, WSW 

5 

3 

10 N 

77 

08 

64 

Confused sea, cloudy and squally. Light breeze from WSW 

6 

4 

56 N 

77 

52 

114 

Fine weather. Moderate breeze, SW. by W. 

7 

Colombo . 

175 

Fine weather Arrived Colombo 7 p. m. 


Total distance 5,870 miles Time of passage 42 2 days Average day’s run- 139 1 miles 
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Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Or 

1911 
July 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Aug 1 
2 

3 

4 

5 

0 f 

Colombo 

7 12 N 

5 05 N 

3 45 N 

1 59 N. 

1 03 N 

0 57 N 

1 13 N 

I 04 N 

0 29 N 

0 07 S 

1 37 S 

3 10 S 

4 10 S 

5 26 S. 

7 06 S 

9 22 S 

II 34 S. 

13 16 S 

15 29 S. 

17 17 S. 

18 46 S 

20 30 S 

21 53 S. 

23 25 S 

24 08 S 

25 42 S 

25 48 S. 
24 36 S 

22 24 S 
Port Louis 

O t 

79 14 
79 51 

81 21 

83 09 

84 39 

85 14 
S3 59 
84 55 

86 00 

86 46 

87 18 

88 00 
87 54 
87 04 
86 22 
84 38 
82 30 

80 31 
78 43 
76 46 
74 30 
72 05 
70 04 
67 57 
65 35 
63 42 
60 56 
58 03 
57 48 

miles 

38 

132 

127 

145 

106 

36 

78 

57 

74 

59 

95 

102 

60 

90 

110 

171 
183 

155 

169 

155 

158 

172 
140 
150 
137 
139 
149 
172 
133 
174 

Left Colombo 0 h 30 ra p m Cloudy Moderate breeze, SW 

Moderate sea, cloudy, squally Model ate breeze, WSW 

Moderate sea Light breeze, SW by W. 

Moderate sea Moderate breeze, SW by S 

Moderate sea Gentle breeze, SW by S. 

Smooth sea Gentle breeze from SSW 

Smooth sea Light variable airs 

Smooth sea Light variable breezes 

Smooth sea Light breeze from SSW 

Smooth sea Light breeze, SW by S 

Smooth sea Crossed equator Light breeze, SW by » 

Long southerly swell Light breeze fiom WSW 

Long southerly swell Calm and light variable airs 

Moderate sea, cloudy, squally. Gentle SE breeze 

Moderate sea, overcast, showers. Calm to gentle breeze from 

Moderate sea Cloudy Caught SE trades. Moderate breeze from SSE 
Moderate sea Cloudy Strong SE breeze 

Rough sea Cloudy Passed tree trunk 50 ft long, 6 ft in diameter Mod- 
erate gale blowing from SE by S 

Rough sea Cloudy Moderate SE gale. 

Rough sea. Moderate gale, SE by S. 

Rough sea Moderate SE gale 

Rough sea. Strong breeze from SE by S 

Moderate sea. Moderate breeze, S by E 

Moderate sea. Fresh breeze from SE by S 

Long southerly swell Gentle breeze from S 

Smooth sea Light breeze from S by E 

Smooth sea Gentle SE breeze 

Moderate sea Moderate breeze, ESE 

Moderate sea Fresh breeze, ESE 

Moderate sea Moderate breeze from E . „ 

Moderate sea Arrived at Port Louis, Mauritius, o 35 p m 

. i ... , »-> lOO O 


Total distance 3,006 miles Time of passage ,30 days Average day’s run 122 2 miles 


1911 

Aug 16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 


Sept 


o / 

0 t 

miles 

Port Louis 



18 29 8 

56 40 

101 

15 SOS 

55 23 

175 

12 49 S 

54 09 

195 

9 25 S. 

53 01 

214 

6 37 S. 

51 54 

180 

5 66 8 

51 25 

50 

2 57 S 

51 54 

182 

0 28 S 

52 28 

152 

1 53 N 

53 07 

146 

3 14 N 

53 36 

87 

4 32 N 

54 37 

98 

7 10N. 

54 43 

159 

10 17 N. 

56 22 

211 

11 13 N. 

69 16 

180 

10 50 N. 

62 54 

215 

10 15 N. 

65 46 

174 

12 51 N 

66 45 

166 

15 48 N 

67 08 

179 

13 09 N 

69 10 

200 

10 30 N 

70 52 

188 

9 12 N 

72 42 

132 

8 13 N 

74 36 

127 

7 41 N 

76 29 

115 

7 13 N 

78 18 

112 

Colombo 


92 


Port Louis, Mauritius, to Colombo, Ceylon 


Left Port Louis 4pm Light easterly breeze 
Clear Gentle breeze, SSE 
Partly cloudy- Moderate breeze from SSE 
Cloudy Fresh breeze from SSE 
Cloudy, rough sea Strong breeze, S by E 
Cloudy. Moderate breeze from S 
Partly cloudy Gentle breeze, E by N 
Partly cloudy Moderate breeze, E by S. 

Cloudy. Moderate SSE breeze 

Cloudy, smooth sea Crossed equator. Gentle SE breeze 
Partly cloudy. Gentle SW breeze 
Partly cloudy Light breeze, S by W. 

Partly cloudy Moderate breeze, SW by w 
Clear. Rough sea. Strong SW. breeze 
Cloudy. Rough sea. Strong SW. breeze 
Partly cloudy Moderate SW breeze 
Partly cloudy. Light breeze from WSW\ 

Partly cloudy. Moderate breeze from W 

Partly cloudy. Gentle breeze from WSW 

Partly cloudy. Moderate breeze, WSW 

Partly cloudy. Gentle breeze from WNW 

Partly cloudy Gentle NW breeze 

Partly cloudy Gentle breeze, NW by N „ TXTTXT 

Partly cloudy Smooth sea Light breeze from WNW 

Overcast Smooth sea Light breeze, W by S. 

Arrived at Colombo 5 b 42 m a m 


Total distance 3,830 miles Time of passage 24 6 days Average day s run 155 7 miles 
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Colombo, Ceylon, to Batavia, Java 


m 


i 

Day’s 

Remarks 

Hi 

Lat 

9 

run 

1911 

o / 

o 

/ 

miles 


Sept 15 

Colombo . 



■s * 

Left Colombo 4 b 30“ p m Gentle breeze, WSW, 

16 

6 37 N 

79 

44 

20 

Moderate breeze, SW. by S. Cloudy Beating 

17 

6 56 N 

82 

28 

218 

Cloudy. Strong SW. Monsoon Bough sea. 

18 

8 31 N. 

83 

35 

115 

Cloudy. Moderate breeze, NW by W. 

19 

10 49 N. 

84 

27 

148 

Cloudy. Moderate breeze from WNW. 

20 

13 13 N 

84 

44 

144 

Overcast, rainy. Strong breeze from W. 

21 

14 36 N 

85 

01 

85 

Overcast, rainy, squally. Strong breeze from WSW. 

22 

15 53 N. 

85 

27 

81 

Overcast, rainy, squally. Rough sea. Fresh NW. breeze 

23 

13 18 N 

87 

03 

181 

Cloudy, hazy. Moderate gale blowing from SW. Heavy sea. 

24 

11 43 N. 

89 

21 

165 

Cloudy. Moderate breeze, SW. by S. 

25 

10 11 N. 

91 

37 

162 

Partly cloudy. Light SW. breeze 

26 

9 24 N. 

93 

06 

100 

Partly cloudy. Long SW swell. Gentle breeze SW by S 

27 

8 55 N. 

94 

02 

63 

Partly cloudy Smooth sea. Light airs from WSW 

28 

8 19 N. 

95 

37 

101 

Partly cloudy Smooth sea. Gentle breeze from SSW. 

29 

6 38 N. 

97 

48 

163 

Partly cloudy, hazy. Smooth sea, tide nps. Gentle westerly breeze 

30 

6 30 N. 

98 

27 

40 

Partly cloudy, hazy. Smooth sea. Light variable airs 

Oct. 1 

5 46 N 

99 

29 

75 

Partly cloudy. Smooth sea. Light breeze, NW. by W. 

2 

4 13 N 

100 

04 

100 

Cloudy. Smooth sea. Light breeze, NE. by E. 

3 

2 48 N. 

101 

06 

112 

Cloudy. Smooth sea Moderate breeze from WNW. 

4 

2 17 N. 

101 

34 

60 

Partly cloudy. Smooth sea. Light airs from WSW. 

5 

1 34 N. 

103 

00 

78 

Partly cloudy Smooth sea. Passing showers Gentle WSW. breeze. 

6 

1 13 N. 

103 

54 

63 

Anchored 7 h SO 111 p. m Singapore Strait Light variable breezes. 

7 

1 13 N. 

104 

01 

6 

Up anchor 7 b 30 m a. m Anchored 3 b 50“ p. m. Light variable airs 

8 

1 13 N 

104 

07 

5 

Up anchor noon. Anchored 2 pm. Rhio Strait. 

9 

0 59 N. 

104 

11 

12 

Up anchor 8am Anchored ll b 15 m a m. Rhio Strait Calm. 

10 

0 51 N. 

104 

18 

10 

Up anchor 6 a. m. Anchored 1 p. m. Rbio Strait. Calm Up anchor 10 p m 

11 

0 46N 

104 

23 

10 

Anchored 5 b 30 m a. m Up anchor ll b 15 m a. m. Anchored 6 b 15 m p. m 
Light variable airs, 

12 

0 44 N. 

104 

24 

12 

Up anchor 1 p. m Anchored 4 b 15 m p. m Light variable airs 

13 

0 41 N 

104 

36 

2 

Up anchor 8 am. Anchored 12 b 50™ p. m. Up anchor 5 b 15 m p. m Calm. 

14 

0 32 N. 

104 

37 

10 

Working out of Rhio Strait 

15 

0 07 N. 

104 

56 

31 

Anchored 9 p m. off Smga Island. Light breeze, SW. by S 

16 

0 03 N. 

105 

00 

6 

At anchor, overhauling engine. Gentle breeze from SSW. 

17 

0 03 N. 

105 

00 


At anchor, overhauling engine. Moderate breeze from SSW. 

18 

0 04 S. 

105 

08 

*12 

Up anchor 8 h 40“ a. m Anchored 4 b 45“ p m Light breeze, SSW 

19 

0 06 S. 

105 

00 

9 

Anchored off Smga Island. 

20 

0 27 S. 

105 

05 

22 

Up anchor 7 b 30“ a. m. Anchored 3 b 05“ p. m. Gentle breeze from W 

21 

0 58 S. 

104 

53 

26 

Up anchor 7 b 15“ a. m. Anchored 6 b 25“ p m» Moderate breeze, NW. by W. 

22 

1 48S. 

104 

55 

50 

Up anchor lO 11 45“ a. m. Entered Banka Strait. Moderate breeze, N byW. 

23 

i 3 21 S. 

106 

29 

152 

Cloudy Passed through Banka Strait. Variable breezes 

24 

: 4 06 S. 

106 

23 

46 

Partly cloudy, smooth sea 

21 

; 5 03 S 

106 

27 

57 

Partly cloudy, smooth sea Light variable airs 

2t 

> 5 18 S 

106 

5 4 

: 29 

Partly cloudy, squally, smooth sea Calm to variable breezes 

! 27 

1 

r Batavia. 

. . 


52 

Partly cloudy Arrived Tanjong Pnok, Batavia, ll h 55“ a m 


Total distance 2,833 miles Time of passage 41 8 days Average day's run 67 8 miles 


Batavia to Manila, Philippine Islands 


1911 

o 

' 

o 

r 

miles 


Nov 21 

Batavia . i 



10 

Left Batavia Roads 6 b 45“ a m Anchored ll b 30“ a m. Variable airs 

22 

5 

55 S 

106 

41 

7 

Left anchorage 6 b 08“ am. At 8 p m. anchored. Variable airs 

23 

5 

59 S. 

105 

56 

49 

Left anchorage 5 b 20“ a m. In Sunda Strait Variable airs 

24 

6 

43 S 

104 

50 

90 

Cloudy, squally Long southerly swell Gentle breeze, WNW 

25 

8 

51 S 

105 

46 

140 

Cloudy, overcast, heavy rain squalls Moderate breeze, WSW. 

26 

9 

37 S 

106 

32 

65 

Partly cloudy. Moderate NW. swell Light breeze, WNW. 

27 

11 

07 S. 

106 

00 

96 

Partly cloudy, squally. Light variable airs. 

28 

11 

54 S. 

105 

41 

51 

Partly cloudy, moderate SE swell. Calm and light airs. 

29 

12 

38 S 

104 

58 

60 

Overcast, squally, moderate SE swell 

30 

15 

40 S 

102 

19 

238 

Partly cloudy. Fresh SE trades 

Dec 1 

18 

28 S 

99 

57 

220 

Partly cloudy. Fresh SE trades 

2 

20 

44 S. 

97 

09 

209 

Partly cloudy. Fresh SSE trades 

3 

23 

16 S 

94 

33 

208 

Cloudy. Fresh SE. by S. trades 

4 

25 

50 S 

92 

13 

200 

Cloudy. Moderate breeze, SSE. 

5 

28 

21 S. 

90 

07 

189 

Cloudy. Gentle breeze, SSE 
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Noon position 

Day’s 

run 

Remarks 

Date 

Lat 

Long 

B of Gr 

1911 

Dec 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 
1912 

Jan 1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Feb 1 
2 

0 / 

29 28 S 

30 47 S 

33 18 S 

35 24 S. 

37 23 S 

36 01 S 

35 03 S 

32 36 S 

30 50 S 

28 38 S 

25 52 S 

21 54 S 

19 01 S 

17 10 S 

15 54 S 

14 25 S 

13 03 S 

11 32 S. 

10 08 8. 

8 58 S 

8 03 S 

6 418 

5 38 8 

5 36 8 

6 42 8 

5 48 8. 

4 42 S 

3 40 8. 

2 57 S. 

3 04 8. 

2 33 S. 

3 04 8 

3 57 8 

3 04 S 

2 37 3 

1 55 8. 

1 11 8 

0 42 S 

0 01 8 

0 03 8 

0 04 N 

0 29 N 

0 47 N 

0 49 N 

0 23 N 
0 55 N 

2 28 N 

3 18 N 

4 39 N 
7 09 N. 
9 07 N 

11 09 N. 
13 11 N 
15 23 N 

17 08 N 
i 18 33 N 

18 02 N 

15 12 N 

! Manila 

o t 

89 29 

89 23 

89 42 

92 22 

95 33 

97 34 

99 29 
101 66 

103 16 

104 11 

105 32 

106 49 
108 11 

108 47 

109 22 

110 29 

111 28 
112 49 
114 00 
116 11 
116 53 

119 20 

120 05 

120 14 

121 08 
122 28 

123 29 

123 42 

124 15 
124 43 

124 33 

125 55 

126 53 

127 35 

127 49 

128 22 
128 38 
128 55 

128 31 

129 00 
129 08 

129 29 

130 21 

131 05 

132 30 

135 24 

137 16 

138 29 
137 24 

136 14 
135 09 
132 47 
130 31 
128 21 
126 28 
123 25 
120 14 
119 35 

miles 

74 

79 

153 

183 

194 

126 

110 

190 

126 

141 

181 

248 

185 

120 

84 

no 

100 

121 

109 

142 

79 
174 

76 

10 

56 

80 

100 

64 

54 

30 

32 

88 

94 

72 

32 
52 
52 

33 
48 
28 
11 

34 
55 
44 
89 

176 

147 

88 

104 

165 

135 

186 

181 

183 

151 

193 

208 

178 

101 

Partly cloudy. Modeiate swell Calm and Uglit airs from NNE 

Partly cloudy. Smooth sea 

Partly cloudy, hazy, damp Moderate breeze, JN by W 

Partly cloudy Strong breeze, WNW 

Overcast, foggy, squally Fresh SW. breeze. Long westerly swell. 

Partly cloudy Long southerly swell. Light airs from S 

Partly cloudy. Fresh breeze from NNW 

Clear Moderate breeze, SW by S 

Cloudy Gentle breeze from SSW. 

Cloudy Gentle breeze from SSW 

Cloudy. Strong SSE trades 

Cloudy. Strong SE trades Rough SE sea 

Partly cloudy, moderate SE breeze 

Partly cloudy Long SE swell. Light airs from SSW 

Partly cloudy Gentle breeze, SSE 

Partly cloudy Gentle breeze, SW by S 

Overcast. Long SSW swell Gentle SW breeze. 

Partly cloudy. Gentle SW. breeze. 

Clear Gentle SW breeze 

Partly cloudy Through Alas Strait. 

Partly cloudy. Smooth sea. Light variable breezes 

Overcast, rainy. Smooth sea. Gentle NW breeze 

Cloudy, squally. Smooth sea. Anchored 3 p. m Gentle breeze SSW 

Left anchorage 4 h 30 m p. m Cloudy, squally Smooth sea Calm. 

Cloudy, squally Smooth through Salayar Strait Calm. 

Overcast, squally. Smooth sea. Calm and light variable airs 

Cloudy Smooth through Buton Passage. 

Cloudy. Smooth sea. 

Cloudy, squally Smooth sea. 

Cloudy, squally. Smooth sea. 

Partly cloudy Smooth sea. 

Partly cloudy Smooth sea T 

Overcast, rainy, squally. Smooth sea Variable breezes In Mampa 

Strait 

Partly cloudy Moderate breeze, NW. by W 

Overcast, rainy, squally. Heavy tide rips xT 

Partly cloudy, squally through Gase Strait Moderate N breeze 

Partly cloudy Smooth sea. 

Partly cloudy Smooth sea. Entered Weda Bay 

Partly cloudy Smooth sea. In Weda Bay Light airs from NW 

Partly cloudy Long NNE swell Light airs fiom SW 

Partly cloudy Long NNE. swell. Through Gillolo Passage 

Partly cloudy Long swell from NNE Calm 

Cloudy, squally. Variable breezes 

Partly cloudy Light breeze, NE by N 

Partly cloudy Calm to light airs from NNE Passing showers 

Partly cloudy Passing showers 

Partly cloudy. Gentle breeze from NNW. Passing showers, squally 

Partly cloudy. Passing showers, squally. Variable breezes 

Partly cloudy Long NE swell, caught the NE monsoon 

Partly cloudy. Heavy NE swell. Fresh NE. breeze. 

Partly cloudy. Long NE swell Moderate breeze, NNE 

Partly cloudy. Fresh breeze, NE. by E 

Partly cloudy. Moderate NE breeze 

Partly cloudy. Gentle NE breeze. 

Partly cloudy. Long swell from N Moderate NE breeze 

Overcast, rainy, squally. Heavy NNE. sea Strong NE We. 

Partly cloudy Strong NE breeze. Heavy to moderate sea 

Cloudy, hazy Moderate to rough sea. Fresh breeze, N by W 

Partly cloudy Moderate to smooth sea Gentle NE breeze Arrived at 

Manila 7 h 45 m p. m 


Total distance 8,291 miles. Time of passage 73 5 days Average day’s ran: 112 8 miles 
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Ocean Magnetic Observations, 1905-16 

Manila to Suva, Fiji Islands 



Noon position 

Day’s 

run 

Remarks 

Date 

Lat. 

Long 

E. of Gr 

191 £ 

0 

' 

0 

t 

miles 



Mar 24 

Manila 




7 h 45 m a m left Manila in tow, 8 h 20 m a m cast off and proceeded 

Calm 

25 

15 

05 N 

119 

54 

65 

Gentle breeze from S Smooth sea 


26 

15 

54 N 

119 

15 

61 

Partly cloudy Smooth sea Gentle breeze, SSE 


27 

17 

03 N. 

119 

30 

129 

Clear. Smooth sea Light airs from E 


28 

17 

51 N 

119 

25 

27 

Clear. Smooth sea. Light airs from NE 


29 

18 

33 N 

118 

49 

55 

Clear. Smooth sea Light airs from NE by N 


30 

18 

23 N 

120 

26 

98 

Partly cloudy Smooth sea Gentle NE breeze 


31 

19 

12 N 

119 

57 

54 

Partly cloudy, heavy swell, squalls Strong NE breeze 


Apr 1 

19 

54 N 

120 

10 

44 

Partly cloudy, passing squalls Gentle breeze from NE by E 


2 

21 

45 N 

119 

16 

124 

Partly cloudy, passing squalls Gentle ESE breeze 


3 

21 

26 N 

120 

01 

46 

Partly cloudy Smooth sea Gentle NE breeze 


4 

19 

21 N. 

120 

35 

129 

Cloudy, squalls Heavy sea Fresh breeze, ENE 


5 

20 

31 N 

120 

29 

70 

Partly cloudy Light breeze, NE by E 


6 

19 

48 N 

121 

51 

85 

Partly cloudy Rough sea Moderate NE breeze 


7 

19 

36 N 

122 

24 

34 

Partly cloudy. Gentle breeze from ENE 


8 

20 

49 N 

122 

20 

71 

Clear Smooth sea. Moderate breeze, E by N 


9 

22 

50 N. 

122 

41 

125 

Clear Moderate breeze, E by N 


10 

23 

08 N 

123 

38 

56 

Overcast, squally Rising sea Fresh breeze from NNE 


11 

22 

39 N 

126 

08 

140 

Overcast, squally Heavy sea Fresh breeze, NE by N. 


12 

21 

37 N 

128 

04 

123 

Overcast, ram Long NE swell Moderate gale blowing from NE 

by E 

13 

23 

19 N 

127 

15 

112 

Partly cloudy Moderate breeze from E Showers 


14 

25 

30 N 

128 

33 

142 

Partly cloudy Fresh breeze, SE by E Smooth sea Passing squalls i 

15 

26 

23 N. 

130 

23 

117 

Clear. Smooth sea. Moderate breeze from SSW 


16 

26 

36 N 

132 

46 

134 

Partly cloudy, squally Fresh breeze, NE by N 


17 

26 

50 N 

134 

10 

63 

Partly cloudy, squally Fresh breeze, ENE 


18 

28 

35 N 

134 

51 

121 

Overcast Gentle breeze, SE by E 


19 

30 

40 N 

136 

13 

144 

Partly cloudy Fresh SW breeze 


20 

30 

39 N 

138 

50 

134 

Clear. Calm and light variable airs 


21 

30 

27 N. 

140 

26 

83 

Clear. Smooth sea Light airs from SSW 


22 

30 

38 N 

142 

37 

115 

Overcast Moderate southerly breeze. 


23 

31 

01 N 

146 

25 

183 

Partly cloudy. Gentle SW. breeze. 


24 

31 

11 N 

148 

53 

127 

Overcast Smooth sea Gentle breeze from WSW. 


25 

31 

19 N 

151 

28 

142 

Cloudy Moderate breeze from SSW. 


26 

30 

30 N 

155 

46 

220 

Partly cloudy. Moderate breeze, S by W 


27 

30 

29 N 

159 

49 

210 

Partly cloudy. Choppy sea. Fresh breeze, S by E 


28 

30 

34 N. 

163 

53 

210 

Cloudy. Smooth sea Moderate breeze, S. by E. 


29 

30 

18 N 

166 

28 

134 

Partly cloudy Smooth sea. Light southerly breeze. 


30 

29 

13 N 

168 

01 

104 

Caught NE trade wind. Cloudy. 


May 1 

26 

24 N. 

170 

33 

214 

Cloudy. Moderate breeze from ENE. 


2 

23 

32 N. 

171 

41 

186 

Partly cloudy Long easterly swell Moderate breeze, E 


3 

20 

31 N 

172 

49 

192 

Partly cloudy Moderate breeze, ENE. 


4 

18 

00 N 

173 

28 

155 

Partly cloudy Moderate breeze, ENE. 


5 

15 

28 N 

174 

01 

157 

Partly cloudy Smooth sea. Moderate breeze, ENE 


6 

12 

46 N 

175 

20 

180 

Cloudy. Heavy sea, long swell. Fresh breeze, ENE 


7 

10 

18 N 

176 

58 

176 

Cloudy, squally Moderate NE breeze Rough sea, long swell. 


8 

8 

03 N 

178 

33 

165 

Cloudy, squally Heavy head sea Moderate breeze, NE by E 


9 

5 

46 N 

180 

02 

162 

Overcast, squally Moderate breeze, E by N 


10 

3 

46 N 

180 

28 

121 

Cloudy, squally, ram. Gentle breeze, E by N 


11 

2 

52 N 

180 

55 

64 

Partly cloudy Smooth sea. Calm 


12 

2 

27 N 

180 

41 

29 

Partly cloudy. Smooth sea Light airs from E by N 


13 

2 

21 N 

180 

33 

11 

Partly cloudy. Squally. Light airs from NE by N 


14 

1 

45 N. 

180 

38 

37 

Partly cloudy Smooth sea. Light airs from NNE 


15 

0 

18 N 

180 

11 

94 

Partly cloudy SE trade commenced 


16 

0 

55 S 

179 

10 

95 

Clear Smooth sea. Light breeze, E. by S 


17 

2 

08 S. 

178 

55 

75 

Partly cloudy Smooth sea. Light breeze, E by S 


18 

2 

59 S 

178 

17 

65 

Partly cloudy Smooth sea, SE swell Light SE breeze 


19 

4 

44 S 

176 

52 

134 

Partly cloudy, passing squalls. Gentle SE breeze 


20 

5 

44 S 

176 

02 

78 

Partly cloudy, passed Manamea Island Gentle SE breeze 


21 

7 

34 S 

174 

17 

152 

Partly cloudy, squally Gentle SE breeze 


22 

8 

50 S 

173 

17 

96 

Partly cloudy, squally Smooth sea Light breeze, ESE 


23 

8 

53 S 

173 

30 

14 

Overcast, heavy rain squalls Light breeze, ESE 


24 

9 

56 S 

173 

04 

72 

Cloudy and squally Fresh breeze from ESE 


25 

11 

32 S 

173 

53 

97 

Overcast and heavy rain squalls Gentle breeze from E 
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Date 

Noon position 

Day’s 

run 

Lat 

Long 

E of Gi 

1912 

0 

/ 

0 

/ 

miles 

May 26 

14 

12 S 

172 

26 

182 

27 

16 

45 S 

171 

29 

162 

28 

19 

27 S 

170 

42 

170 

29 

21 

20 S 

169 

41 

128 

30 

21 

20 S. 

170 

50 

70 

31 

21 

35 S 

171 

32 

44 

June 1 

21 

48 S 

172 

06 

34 

2 

21 

47 S 

172 

28 

21 

3 

21 

05 S. 

174 

39 

130 

4 

19 

05 S 

176 

11 

148 

5 

19 

52 S 

176 

07 

47 

6 

19 

17 S 

177 

42 

95 

7 

Suva 



75 


Remarks 


Partly cloudy Smooth sea Fresh breeze from E 
Partly cloudy Moderate breeze from E 
Partly cloudy, squally Moderate breeze, ESE 
Clear. SE trade wind. 

Fine clear weather Light airs from NE 
Overcast, drizzling ram. Light airs from N 
Partly cloudy Calm 

Paitly cloudy. Smooth sea Light ans fiom S 
Partly cloudy Smooth sea Moderate SE breeze 
Cloudy, squally. Gentle SE breeze 
Cloudy, squally . „ , 

Stood up through Handavu Passage Fresh SE breeze 
Anchored m Suva Harbor 9am 


Total distance 8,158 miles Time of passage 75 1 days Average day’s run 10S 6 miles 


Suva, Fiji Islands, to Papeete, Tahiti 


1912 

o 

/ 

o 

* 

mile s 

June 30 

Suva I 




July 1 

18 

10 s 

178 

45 

30 1 

2 

19 

15 S 

177 

36 

102 ! 

3 

21 

18 S 

175 

40 

168 

4 

24 

07 S 

174 

30 

181 

5 

26 

57 S 

175 

08 

174 

6 

28 

55 S 

177 

01 

142 

7 

29 

05 S 

178 

42 

88 

7 

29 

09 S 

181 

25 

143 

8 

29 

29 S 

182 

56 

85 

9 

29 

54 S 

185 

22 

149 

10 

31 

20 S 

188 

04 

174 

11 

31 

35 S 

189 

58 

114 

12 

32 

10 S 

192 

06 

133 

13 

31 

58 S 

195 

41 

183 

14 

31 

29 8 

199 

00 

174 

15 

30 

50 S 

202 

17 

173 

16 

30 

08 S 

205 

52 

191 

17 

30 

06 S 

208 

29 

135 

18 

30 

03 S 

209 

36 

58 

19 

31 

49 S 

210 

36 

118 

20 

32 

26 S 

212 

43 

114 

21 

31 

34 S 

213 

59 

84 

22 

31 

06 S 

215 

55 

103 

23 

29 

51 S. 

218 

11 

139 

24 | 

28 

52 S 

221 

13 

170 

25 

28 

34 S 

223 

29 

70 

26 

28 

08 S 

223 

28 

57 

27 

29 

27 S 

224 

22 

92 

28 

30 

47 S. 

225 

43 

106 

29 

31 

25 S 

228 

10 

131 

30 

31 

31 S 

231 

39 

179 

31 

32 

05 S 

235 

29 

198 

Aug 1 

31 

32 S 

239 

04 

188 

2 

30 

24 S. 

242 

25 

185 

3 

28 

28 S 

244 

12 

149 

4 

25 

40 S 

245 

30 

182 

5 

22 

55 S 

245 

53 

166 

6 

20 

45 S 

245 

56 

122 

7 

18 

22 S 

245 

42 

144 

8 

16 

02 S 

245 

59 

141 

9 

12 

55 S. 

246 

12 

187 


beating orr snore uuiu imumgm. 

n a m Cape Washington 7 miles abeam Fresh SE breeze 
ly, rainy Choppy sea Fresh breeze, ESE 
last, squally Fresh breeze from E 
ly and squally. Fresh NE breeze 

sast, squally, rain Light SW. breeze Q 

[ly Partly cloudy Crossed 180th meridian Fresh breeze from S 
a m Sunday Island sighted ahead Gentle breeze from S 
sast Light breeze, WNW 
cast Moderate breeze from N 

iy and squally. Gentle breeze, WNW. 

Cloudy and squally. Gentle NE biecze 
Partly cloudy and squally Rising sea Fresh NW breeze 
Cloudy and squally Heavy sea Stiong breeze from W 
Partly cloudy, squally Heavy sea Fresh breeze, W by^S 
Cloudy, passing squalls Rough sea Fresh biceze, WSW 
Cloudy and squally Moderate SW breeze 
Partly cloudy Smooth sea Light breeze from S 
Calm, passing showers. 

Heavy rain squalls Overcast Fresh NE breeze 
Squally, with thunder and lightning Moderate breeze from w 
Partly cloudy Heavy sea from SE Fresh breeze, SSE 
Partly cloudy Moderate breeze, SE by S 
Partly cloudy Fresh SE breeze. 

Clear. Gentle breeze, SE by S 

Cloudy Smooth sea. Light variable airs 

Partly cloudy Smooth sea. Light breeze from E 

Squally. Rough sea. Fresh breeze, NE by N 

Passing squalls Rising sea Gentle NE. breeze 

Overcast. Heavy sea from NW Fresh breeze from NNW. 

Rainy. Fresh breeze from WNW 
Cloudy. Strong breeze from WNW. 

Partly cloudy. Fresh breeze, NW by W 
Cloudy. Smooth sea Gentle breeze from WSW. 

Clear Heavy swell from SW Gentle breeze from SSW 
Partly cloudy Moderate breeze, E by N. _ __ 

Cloudy, squally. Easterly swell Moderate breeze from E 
Light ram Moderate breeze, ENE 
Squally Gentle breeze, E by N 
Partly cloudy Gentle breeze, E by N. 

Partly cloudy Gentle breeze, E by N 
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Noon position 



Long 
E of Gr 



1912 ' 

Aug 10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Sept 1 


o 

/ 

10 

07 8 

7 

43 S 

5 

45 S 

3 

34 S 

1 

01 S 

1 

03 N 

2 

08 N. 

3 

04 N 

4 

21 N 

6 

01 N 

7 

01 N 

6 

59 N. 

8 

21 N. 

8 

27 N. 

8 

03 N 

7 

35 N 

7 

14 N. 

7 

09 N 

6 

17 N 

5 

37 N 

5 

03 N. 

5 

15 N 

4 

35 N. 

3 

00 N 

0 

06 S 

3 

15 S 

5 

51 S 

8 

11 S 

9 

38 S 

11 

58 S 

14 

12 S. 

15 

21 S. 

Papeete . 


Partly cloudy. Smooth sea. 
Partly cloudy. Smooth sea 
Partly cloudy. Moderate se 
Partly cloudy. Moderate se 
Partly cloudy Moderate b: 
Partly cloudy Smooth sea 


246 24 170 Partly cloudy. Smooth sea. Gentle breeze, ENE 

246 07 144 Partly cloudy. Smooth sea Gentle breeze, E by N. 

246 42 123 Partly cloudy. Moderate sea. Gentle breeze from E. 

247 02 133 Partly cloudy. Moderate sea. Light breeze, E. by S. 

247 12 154 Partly cloudy Moderate breeze, E by N. 

247 24 123 Partly cloudy Smooth sea Gentle breeze, E by S 

245 22 137 Clear. Smooth sea Gentle breeze, SSE 

242 29 182 Partly cloudy Smooth sea Moderate breeze, S by E 

237 38 244 Partly cloudy Smooth sea Moderate breeze from SSE 

ux in 335 44 200 Cloudy. Smooth sea Gentle breeze from S 

01 N 232 51 182 Partly cloudy. Smooth sea Moderate breeze from S 

59 N. 229 53 178 Partly cloudy Smooth sea Moderate breeze, S. by E 

21 N. 227 27 165 Partly cloudy Smooth sea Gentle breeze, S by E. 

27 N. 226 24 63 Overcast, squally Gentle breeze, S. by E. 

03 N 228 54 150 Partly cloudy Gentle breeze, S by E 

35 N 231 45 172 Partly cloudy Smooth sea Gentle breeze from S 

14 N. 233 36 113 Partly cloudy. Smooth sea Light breeze from S 

09 N 234 31 45 Cloudy Smooth sea Gentle breeze, S by E 

17 N 233 24 84 Partly cloudy Smooth sea Light breeze SE. by S 

37 N 232 48 54 Partly cloudy Smooth sea Moderate breeze, SE by S. 

03 N. 230 45 128 Clear. Gentle breeze from SSE. 

15 N 228 40 124 Partly cloudy Smooth sea Gentle breeze from SSE 

35 N. 226 20 146 Partly cloudy. Moderate breeze from SSE 

00 N 224 08 162 Cloudy Moderate SE breeze 

06 S 222 34 209 Partly cloudy Moderate breeze, E. by S. 

15 S 221 16 207 Partly cloudy Moderate breeze, from E. 

51 S 219 50 179 Partly cloudy. Smooth sea. Gentle breeze, ESE. 

i 11 S 218 34 168 Partly cloudy Smooth sea Gentle breeze, ESE 

i 38 S 216 59 93 Overcast, cloudy and rain Gentle breeze, E by S. 

58 S 217 12 147 Partly cloudy Moderate breeze, ESE 

t 12 S. 215 21 173 Sighted Tioka Island. Moderate ESE breeze Partly cloudy 

i 21 S. 213 12 146 Partly cloudy Moderate breeze from ESE. 

ipeete . . 205 At daylight sighted Tahiti Island. l h 30 m p m, taken m tow into Papeete 

Harbor 2pm, anchored in Papeete Harbor. 

Total distance 10,525 miles. Time of passage 74.1 days Average day’s run 142 0 miles. 

Papeete to Coronel and Talcahttano, Chile. 


1912 

Oct. 15 I 
16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Nov 1 
2 

3 

4 

5 

6 

7 

8 


Papeete . 
17 38 S 


o 

r 

miles 

209 

42 

55 

208 

40 

95 

206 

09 

155 

203 

54 

174 

201 

55 

187 

200 

54 

130 

201 

09 

138 

202 

33 

178 

205 

44 

218 

208 

54 

174 

211 

13 

112 

213 

54 

139 

216 

56 

156 

220 

48 

192 

223 

53 

150 

225 

41 

84 

227 

15 

76 

228 

20 

52 

231 

05 

135 

234 

22 

156 

236 

41 

105 

240 

56 

205 

244 

07 

147 

247 

33 

158 


1> 50 m p. m. Taken in tow out of Papeete Harbor. 

Partly cloudy. Smooth sea Gentle breeze, SE. by E 
Overcast, rain Smooth sea. Gentle breeze from SSE 
Partly cloudy Moderate breeze, SE by S 
Partly cloudy. Fresh SE breeze 
Partly cloudy. Moderate breeze, E by S. 

Overcast. Gentle breeze, E by S. 

Cloudy Moderate breeze from ENE 
Overcast. Moderate breeze from NNE 
Overcast, squally and rainy. Fresh breeze from NNE 
Overcast, foggy and rainy. Gentle breeze from NNE. 
Overcast, passmg showers Light breeze from W by S 
Partly cloudy. Gentle breeze, N toW. 

Partly cloudy, squally Gentle NW. breeze 
Partly cloudy, long westerly swell Moderate breeze, NNW 
Partly cloudy, long swell from west Light breeze, WSW. 
Clear, fine weather. Smooth sea. Light breeze, S by W 
Clear Light air from W. 

Clear. Light air from S 

Partly cloudy, squally Moderate breeze from W. 

Partly cloudy, moderate breeze from W. 

Passmg showers Light breeze from SSW. 

Heavy sea Strong breeze, S by W. 

Squally. Heavy sea, SE swell. Gentle breeze from SSE 
Overcast Gentle breeze from S. by E. SE. swell. 
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Date 

Noon position 

Day’s 

run 

Lat 

Long. 

E of Gr 

1916 

0 

t 

o 

t 

miles 

Nov 9 

39 

27 S 

249 

33 

94 

10 

39 

48 S. 

249 

58 

28 

11 

40 

27 S 

252 

08 

106 

12 

41 

10 S. 

254 

24 

109 

13 

41 

SOS 

258 

17 

178 

14 

43 

21 S 

261 

29 

168 

15 

42 

04 S 

262 

38 

100 

10 

44 

39 S. 

263 

58 

64 

17 

41 

10 S 

264 

30 

38 

18 

41 

27 S 

265 

19 

37 

19 

43 

03 S 

268 

28 

174 

20 

44 

18 S 

272 

05 

178 

21 

41 

21 S. 

275 

30 

152 

22 

42 

02 S. 

278 

52 

204 

23 

39 

47 S 

281 

42 

187 

24 

38 

04 S 

283 

52 

140 

25 

Coronel 

• • 

. 

112 

Dec 5 

jTalcahuano 


• 

80 


Remarks 


Cloudy, rainy and calm. 

Cloudy. Calm. 

Overcast, gentle breeze from NW. Smooth sea 
Swell from SW. Gentle breeze, NNW. 

Overcast Gentle breeze from NW. 

Overcast. Gentle breeze from NE 

Overcast, passing showers. Gentle breeze, SE by E 

Light airs, heavy swell from ESE. 

Clear, fine weather. Calm. 

Cloudy, gentle breeze from NE 
Squally. Moderate breeze from NNE 
Squally. Moderate NE. breeze. 

Overcast. Gentle breeze from W 
Partly cloudy. Fresh breeze, SW. by S. 

Partly cloudy. Gentle SW. breeze. 

Partly cloudy. Gentle breeze from NNW. 

Cloudy, gentle NW breeze, 7 p. m , anchored m Coronel Harboi 
Left Coronel on Dec 4. Arrived next morning at Talcnhuano. 


Talcahtjano, Chile, to Port Stanley, Falkland Islands 


1912 

o 

' 

O 

r 

miles 

Dec. 19 

Talcahuano 



. 

20 

34 

32 S 

284 ’ 

20 

178 

21 

32 

05 8 

281 

03 

221 

22 

30 

59 S 

279 

43 

95 

23 

29 

29 S 

277 

43 

136 

24 

28 

03 S. 

274 

52 

177 

25 

26 

60 S 

272 

11 

161 

26 

20 

25 S 

270 

14 

107 

27 

25 

58 S 

268 

03 

122 

28 

25 

46 S. 

266 

28 

86 

29 

25 

32 S. 

265 

13 

68 

30 

26 

12 8 

264 

06 

72 

31 

26 

59 8 

203 

26 

58 

1913 






Jan. 1 

27 

36 8. 

261 

49 

94 

2 

28 

02 8. 

261 

03 

48 

3 

29 

18 8. 

259 

47 

100 

4 

30 

04 8 

259 

00 

61 

5 

31 

39 8 

257 

29 

123 

6 

33 

14 8 

255 

54 

125 

7 

35 

07 S 

254 

15 

140 

8 

36 

28 S 

253 

08 

98 

9 

37 

24 S. 

252 

33 

62 

10 

39 

39 S. 

252 

31 

135 

11 

42 

04 S. 

253 

12 

148 

12 

44 

19 8. 

256 

34 

200 

13 

46 

048 

259 

44 

171 

14 

46 

47 S 

261 

01 

67 

15 

47 

04 8. 

260 

42 

22 

16 

49 

32 8 

263 

58 

192 

17 

51 

02 S 

260 

37 

141 

18 

51 

48 S 

268 

53 

96 

19 

52 

06 S. 

270 

14 

53 

20 

53 

39 8. 

273 

22 

146 

21 

54 

48 S. 

276 

23 

126 

22 

55 

46 S 

281 

06 

172 

23 

56 

15 S. 

285 

52 

163 

24 

56 

27 8 

291 

52 

198 

25 

56 

15 8 

295 

20 

116 

26 

54 

27 8 

298 

01 

142 

27 

Port Stanley . 


233 


Left Talcahuano at 5 h 10 m p m. Fresh breeze from S 

Clear. Fresh breeze from S 

Clear. Moderate breeze from S 

Partly cloudy. Light breeze, SW. by S 

Partly cloudy. Gentle breeze from S. 

Overcast, cloudy Moderate SE. breeze 

Overcast, cloudy Gentle breeze from E 

Partly cloudy Light breeze from ESE Smooth sea 

Partly cloudy Squally, gentle SE breeze 

Partly cloudy. Light breeze from SSE. 

Clear. Light variable airs. 

Partly cloudy, ram Squally, moderate NW breeze 
Calm, partly cloudy. 

Partly cloudy. Light SE. breeze. 

Partly cloudy Light breeze from NW. by W 
Overcast. Gentle breeze W by N. and calm 
Partly cloudy. Light breeze from E by S. 

Partly cloudy Light NE breeze. 

Partly cloudy. Gentle breeze from NNW. 

Overcast, ram, fog Gentle NW. breeze. 

Overcast, ram, fog. Gentle breeze from W. by N. 

Overcast, rain, mist. Variable winds 
Overcast, ram Fresh to moderate breeze from SW. by W 
Overcast, ram, squally. Cross sea Stiff SW. breeze 
Partly cloudy, squally. Heavy sea. Strong SW breeze 
Partly cloudy. Strong breeze from SW. by S. Heavy swell. 

Partly cloudy. Light variable breezes. SW swell. 

Partly cloudy. Gentle to moderate breeze from WSW 
Overcast, misty, drizzling. Fresh breeze from WSW. 

Cloudy, foggy. Gentle breeze from WNW. 

Partly cloudy. Heavy swell, strong breeze from S 
Partly cloudy, drizzling Calm and light air from NW 
Overcast, misty. Gentle breeze from WNW 
Overcast, rain, fog. Moderate breeze from W 
Overcast Moderate breeze from W. 

Overcast, fog. Gentle breeze from W. by N 

Passed Diego Ramirez at 9 h 30 m a. m. Moderate breeze, WNW 

Partly cloudy. Light variable breeze. 

Partly cloudy. Moderate breeze from WNW. . 

Partly cloudy. Fresh WNW. breeze 7pm anchored m Stanley Harbor 


Total distance: 4,853 miles. Time of passage: 39.1 days. Average day’s run 124 1 miles 
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Ocean Magnetic Observations, 1905-16 

Port Stanley to Jamestown, St Helena 


■n 

Noon position 


Day’s 



Lat 

Long 

E. of Gr 

run 

Remarks 

1913 

Feb 22 

0 

Port 

' 1 
Stanley 

0 

t 

miles 

Left Port Stanley 8 h 45 m a m Light NW breeze 

23 

51 

34 S 

304 

36 

86 

Overcast, foggy Light breeze from N. 

24 

52 

19 S 

310 

15 

214 

Overcast, fresh breeze from N 

25 

52 

48 S 

315 

22 

188 

Drizzling rain Fresh breeze from SSW. 

26 

52 

32 S 

320 

15 

179 

Overcast, cloudy. Moderate breeze from S by E 

27 

52 

11 S 

324 

35 

160 

Partly cloudy Moderate breeze from S by W 

28 

52 

00 S 

328 

43 

153 

Several icebergs sighted, one 178 ft high Gentle breeze from W 

Mar 1 

51 

59 S 

330 

27 

65 

More icebergs sighted Light air from N Snow. 

2 

51 

17 S 

332 

32 

87 

Overcast, snow Light breeze from S. 

3 

50 

54 S 

333 

54 

56 

Overcast, heavy sea Fresh gale from S Squalls. 

4 

50 

29 S 

337 

12 

56 

Moderate sea, squally, overcast Strong SW breeze 

5 

50 

04 S 

341 

01 

149 

Sighted iceberg Overcast Fresh SW. breeze 

6 

49 

30 S 

344 

05 

123 

Partly cloudy. Gentle SW breeze 

7 

49 

10 s 

345 

22 

55 

Partly cloudy. Light air from W 

8 

49 

35 S 

346 

50 

62 

Overcast Light air from NE 

9 

49 

22 S 

347 

40 

I 35 

Overcast, drizzling, head sea Moderate breeze from S by E. Ice. 

10 

48 

54 S 

350 

04 1 

98 

Overcast Moderate to fresh gale from W. Heavy sea Ice 

11 

48 

09 S 

353 

04 

127 

Partly cloudy. Moderate breeze from W. 

12 ! 

47 

18 S 

356 

18 

141 

Overcast, misty Moderate NW breeze 

13 

48 

00 s 

358 

38 

96 

Cloudy Gentle breeze from N 

14 

46 

45 S 

0 

57 

96 

Overcast, mist, rain, fog Fresh breeze from N 

15 

43 

47 S 

3 

06 

200 

Cloudy, squally Moderate gale from W. 

16 

41 

43 S 

5 

05 

152 

Partly cloudy. Moderate breeze from NNW. 

17 

40 

38 S 

7 

02 

110 

Partly cloudy, misty Gentle breeze from N. 

18 

38 

51 S 

7 

35 

110 

Overcast, cloudy, misty, gentle breeze from W 

19 

38 

01 S 

7 

48 

51 

Cloudy Light air from NW 

20 

36 

36 S 

7 

49 

86 

Partly cloudy, squally Light NW breeze 

21 

35 

36 S 

7 

20 

65 

Partly cloudy. Light SE breeze. 

22 

34 

42 S 

7 

10 

54 

Light airs from E. and calm Partly cloudy 

23 

34 

17 8 

7 

28 

29 

Partly cloudy Light airs from N and calm. 

24 

32 

15 S 

8 

10 

127 

Partly cloudy. Gentle NW breeze 

25 

29 

50 S 

7 

46 

146 

Overcast, rain Gentle breeze, E by S SE trades 

26 

27 

11 S 

6 

35 

171 

Partly cloudy Moderate breeze from ESE 

27 

24 

58 S. 

5 

55 

139 

Partly cloudy. Gentle breeze from SSE. 

28 

22 

47 S. 

5 

20 

134 

Partly cloudy. Moderate breeze from S. by W 

29 

20 

32 S 

4 

50 

138 

Partly cloudy. Gentle breeze from S by W. 

30 

19 

24 S 

2 

50 

131 

Partly cloudy Gentle breeze from SSE. 

31 

18 

32 S 

0 

26 

146 

Partly cloudy. Gentle breeze SE 

Apr 1 

17 

48 S 

358 

16 

123 

Partly cloudy Light breeze from S. 

2 

17 

01 s 

356 

14 

135 

Partly cloudy Moderate breeze from S 

3 

Jamestowr 

i . 


133 

j At ll h 45 m a. m anchored off Jamestown 


Total distance 4,606 miles Time of passage 40 1 days Average day’s run 114 9 miles 


Jamestown, St Helena, to Bahia, Brazil 


1913 

o / 

0 

miles 


Apr 9 

Jamestown 



Left Jamestown, St Helena, 5pm 

10 

15 36 S 

352 15 

117 

Gentle SE breeze 

11 

15 01 S 

348 59 

192 

Partly cloudy Moderate SE breeze 

12 

14 31 S 

345 50 

185 

Partly cloudy Moderate SE breeze 

13 

14 02 S 

343 00 

167 

Partly cloudy Gentle breeze from ESE 

14 

13 30 S 

340 14 

165 

Partly cloudy. Gentle SE breeze. 

15 

13 08 S 

337 45 

147 

Partly cloudy Gentle breeze from SE by E 

16 

12 42 S. 

335 40 

125 

Partly cloudy Gentle breeze from SE by E 

17 

12 44 S 

333 39 

118 

Partly cloudy Light SE breeze 

18 

12 51 S 

331 14 

141 

Partly cloudy Light breeze from SE by E 

19 

12 52 S 

329 01 

129 

Partly cloudy Light SE breeze 

20 

12 52 S 

327 15 

104 

Partly cloudy Light SE breeze 

21 

12 53 S 

325 16 

116 

Parth*- cloudy. Light breeze to light air from SE 

22 

13 04 S 

323 47 

87 

Partly cloudy Light breeze to light air from SE 

23 

13 12 S 

322 11 

94 

Partly cloudy Light SE breeze 

24 

Bahia 


44 

Anchored at Bahia l b 15 m p m 


Total distance 1,931 miles Time of passage 14 8 days Average day’s run 130 5 miles. 
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Bahia, Brazil, to Jamestown, St Helena 



Noon position 


Day’s 

Remarks 

Date 

Lat 

Long 

E of Gr 

run 

1913 

o 

* 

o 

/ 

miles 

Left Bahia at 3 a m Fresh breeze from S to S by E 

Partly cloudy Gentle breeze from S by E Squally. 

May 19 
20 

Bahia 

12 18 S 

324 

10 

159 

21 

11 

27 S 

326 

09 

135 

Partly cloudy, squally, ram Moderate breeze, S by E 

22 

10 

41 S 

326 

45 

74 

Cloudy, squally Rough, heavy, head sea Gentle breeze, SSE 

23 

12 

33 S 

325 

22 

138 

Cloudy Fresh breeze from SSE. Squally 

24 

14 

09 S 

323 

52 

130 

Cloudy Moderate breeze from SSE 

25 

14 

OS s 

324 

15 

23 

Overcast, squally Fresh SE breeze 

26 

16 

24 S 

323 

35 

142 

Partly cloudy, ram, squally Moderate SE breeze 

27 

18 

19 S 

323 

10 

117 

Partly cloudy Gentle breeze from SE by E 

28 

18 

55 S 

323 

08 

36 

Partly cloudy. Calm to light breeze 

29 

18 

39 S 

323 

44 

38 

Partly cloudy Light breeze from S 

30 

18 

q2 s 

325 

16 

95 

Partly cloudy. Light breeze from SSE 

31 

17 

40 S 

326 

04 

51 

Partly cloudy. Light SE breeze to calm 

June 1 

18 

24 S 

325 

37 

51 

Clear Light breeze from ESE 

2 

19 

26 S 

325 

52 

60 

Clear Light breeze from S by E 

3 

21 

23 S 

325 

55 

118 

Clear Gentle breeze from E. 

4 

24 

25 S 

327 

46 

210 | 

Partly cloudy Moderate breeze from E by N 

5 

27 

24 S 

329 

61 

212 

Partly cloudy. Moderate breeze from NE to N 

6 

29 

40 S 

332 

08 

182 

Partly cloudy Moderate breeze, N by E 

7 

30 

46 S 

336 

18 

227 

Partly cloudy Moderate breeze from N by E Ram, squally 

8 

31 

33 S 

339 

52 

189 

Overcast, ram, squally Fresh breeze from NNW 

9 

32 

01 s 

342 

19 

130 

Overcast, rain squalls Variable winds 

10 

31 

49 S 

345 

27 

101 

Overcast Fresh breeze from W 

11 

31 

59 S 

347 

56 

126 

Partly cloudy Calm to strong NE breeze 

12 

32 

35 S 

351 

10 

170 

Partly cloudy Strong breeze from NNW Set storm trysail 

13 

32 

19 S 

352 

57 

92 

Partly cloudy. Moderate to strong gale from NNW Heavy sea 

14 

31 

50 S 

353 

29 

39 

Partly cloudy Moderate gale from NW Storm sails set 

15 

31 

04 S 

354 

32 

72 

Partly cloudy Strong N breeze to strong gale, heavy sea Storm sails set 

16 

30 

11 S 

355 

46 

83 

Partly cloudy Fresh NW gale Ram squalls Rough sea 

17 

28 

23 S 

356 

06 

109 

Partly cloudy. Fresh gale to moderate breeze from W by S 

18 

26 

40 S 

356 

35 

106 

Partly cloudy. Variable winds 

19 

25 

21 S. 

356 

04 

84 

Clear. Moderate breeze from ENE 

20 

23 

36 S 

355 

07 

117 

Clear. Gentle breeze from E by S 

21 

22 

03 S 

354 

57 

93 

Partly cloudy Gentle breeze from SSE 

22 

10 

27 S 

354 

56 

156 

Partly cloudy Moderate SE breeze 

23 

Jamestown 

215 

Clear Moderate breeze from SE At 4 h 25 m p m anchored at Jamestown 

- 

. « - ^ i i _i >» i a o 


Total distance 4,140 miles Time of passage 35 0 clays Average day’s run 116 3 miles 


Jamestown, St Helena, to Falmouth, England 


1913 

o 

' 1 

0 

, 

miles 


July 21 

Jamestown 




10 h 30“ a m left Jamestown Gentle breeze, NNW 

22 

14 

13 S 

352 

44 

136 

Partly cloudy Gentle breeze, S by E 

23 

12 

03 S 

350 

53 

170 

Partly cloudy, squally Gentle breeze fxom SSE 

24 

9 

24 S 

348 

33 

209 

Partly cloudy, squally Fresh SE breeze 

25 

7 

33 S 

345 

12 

228 

Partly cloudy Moderate breeze SE by S 

26 

4 

45 S 

343 

35 

193 

Partly cloudy, squally. Gentle SE breeze 

27 

2 

44 S 

341 

35 

171 

Partly cloudy Gentle breeze, SE. by E 

28 

0 

34 S 

340 

54 

136 

Partly cloudy, light breeze, SE by E 

29 

1 

21 N 

340 

37 

116 

Partly cloudy Light breeze from SSE 

30 

3 

04 N 

339 

35 

119 

Partly cloudy. Light breeze, S by E. 

31 

5 

07 N 

338 

49 

132 

Partly cloudy, ram Light breeze from S. 

Aug 1 

7 

05 N 

337 

58 

128 ! 

Partly cloudy, rain Light breeze to calm 

2 

7 

38 N 

338 

00 

33 

Overcast, heavy ram Light breeze from WSW 

3 

10 

00 N 

337 

15 

149 

Partly cloudy. Gentle breeze from W by N to calm 

4 

10 

50 N 

337 

43 

57 

Cloudy Light variable breezes to calm 

5 

10 

30 N 

336 

12 

92 

Cloudy Gentle WNW breeze to calm. 

6 

10 

48 N 

334 

50 

82 

Overcast Gentle NE breeze 

7 

12 

08 N 

333 

19 

120 

Partly cloudy, squally Gentle bieeze from ENE 

8 

13 

50 N 

331 

50 

133 

Partly cloudy Gentle NE breeze 

9 

15 

46 N 

329 

34 

175 

Partly cloudy Moderate NE breeze 

10 

18 

36 N 

327 

26 

209 

Partly cloudy Moderate breeze from ENE 

11 

20 

59 N 

325 

16 

187 

Partly cloudy. Moderate breeze from NE by E. Squally 
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Jamestown, St Helena, to Falmouth, England — concluded 



Noon position 

Day’s 

run 

Remarks 

jjate 

Lat. 

Long. 

E. of Gr. 

ms 

0 

f 

o 

/ 

miles 


Aug. 12 

23 

20 N 

323 

26 

174 

Partly cloudy Moderate breeze from ENE 

13 

26 

16 N 

321 

45 

198 

Partly cloudy. Gentle breeze from ENE. 

14 

29 

01 N. 

320 

15 

183 

Partly cloudy. Gentle breeze from ENE. 

15 

31 

52 N 

320 

07 

170 

Partly cloudy. Gentle breeze from ESE. Swung ship. 

16 

33 

11 N 

320 

00 

80 

Partly cloudy. Light breeze from SE by S 

17 

33 

36 N. 

319 

54 

26 

Partly cloudy. Light variable airs. 

18 

33 

33 N 

320 

10 

14 

Partly cloudy Light breeze from N Swung ship 

19 

33 

54 N 

321 

08 

53 

Partly cloudy. Gentle breeze from N 

20 

34 

42 N. 

320 

10 

70 

Partly cloudy Gentle NNE breeze Squally. Head sea 

21 

35 

55 N. 

320 

46 

100 

Partly cloudy Variable breezes Squally and ram. 

22 

37 

27 N 

320 

16 

95 

Partly cloudy. Gentle ESE. breeze Squally and rain. 

23 

39 

17 N 

320 

11 

110 

Partly cloudy Gentle breeze from S 

24 

40 

51 N. 

320 

13 

94 

Cloudy, squally, rain. Light variable airs 

25 

41 

06 N. 

320 

34 

22 

Partly cloudy. Gentle variable breezes. 

26 

42 

37 N 

322 

45 

134 

Partly cloudy. Gentle breeze from S 

27 

43 

42 N. 

325 

33 

139 

Partly cloudy. Light breeze from WSW 

28 

44 

16 N. 

328 

20 

124 

Partly cloudy. Gentle breeze from NNE 

29 

44 

10 N. 

331 

25 

134 

Overcast Gentle NE. breeze 

30 

43 

53 N. 

332 

18 

42 

Cloudy. Variable winds to calm. 

31 

45 

45 N. 

335 

02 

161 

Partly cloudy. Gentle NW. breeze 

Sept. 1 

46 

16 N. 

337 

46 

118 

Partly cloudy. Variable winds to calm 

2 

47 

29 N. 

338 

06 

74 

Partly cloudy Light air from SE. to calm 

3 

48 

00 N 

338 

42 

39 

Clear to cloudy Gentle breeze from S 

4 

48 

56 N. 

342 

38 

166 

Overcast, squally, rain. Gentle breeze from S 

5 

49 

24 N. 

345 

10 

103 

Partly cloudy Light variable breezes to calm. 

6 

49 

06 N. 

346 

37 

60 

Partly cloudy Gentle NE breeze. 

7 

48 

12 N. 

349 

05 

113 

Cloudy, squally Gentle NE breeze. 

8 

48 

36 N. 

349 

09 

24 

Partly cloudy. Gentle breeze from ENE 

9 

48 

58 N. 

350 

44 

66 

Overcast, misty Gentle breeze from N 

10 

49 

27 N. 

353 

02 

95 

Partly cloudy, squally Moderate breeze from ENE 

11 

49 

48 N 

354 

57 

21 

Overcast, gentle variable breezes. Sighted land. 

12 

Falmouth 



74 

Overcast, drizzly, rainy. Light SW. breeze At 12 h 2Q m p. m. anchored 


Total distance 6,051 miles Time of passage* 53.1 days Average day’s run: 114 0 miles. 


Falmouth to Greenpobt, Long Island 


ll h 25 m a m left Falmouth. 

Clear. Gentle breeze from S. by E 

Overcast, misty. Gentle breeze from S 

Overcast, misty. Gentle breeze from S 

Cloudy, squally. Strong gale from W 

Cloudy, squally, rain Moderate breeze from WNW 

Cloudy, squally. Moderate NW breeze 

Overcast, ram. Moderate gale from WNW Heavy sea 

Cloudy Variable winds 

Partly cloudy Variable winds to calm 

Partly cloudy, squally. Gentle breeze from SW by W 

Partly cloudy, ram Gentle breeze from W. 

Overcast, squally, ram, storm 
Partly cloudy, squally, gale blowing from NW 
Overcast, squally, ram Fresh breeze 
Cloudy Light breeze from W by N. 

Cloudy. Calm to gentle variable breezes 
Clear Light breeze from WNW. 

Partly cloudy, foggy Gentle breeze from W 
Overcast, misty. Moderate breeze, from NNW 
Overcast, rain, variable breezes and calm. 

Partly cloudy. Gentle breeze from WSW 
Partly cloudy Moderate breeze from SSW. 

Overcast, squally. Fresh westerly breezes to calm. 
Cloudy, squally. Strong gale blowing from W 
Cloudy, squally. NW. gale moderating 
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Date 

Noon position 

Day’s 

run 

Remarks 

Lat. 

Long 

E of Gr 

1918 

o 

/ 

0 

t 

miles 


Nov 10 

39 

52 N 

334 

39 

38 

Cloudy, squally Moderate gale from NW by N. 

11 

37 

17 N 

332 

44 

179 

Sighted lighthouse on San Miguel, Azores Cloudy, squally Fresh N breeze 

12 

35 

48 N. 

328 

51 

208 

Partly cloudy. Moderate gale from NNE 

13 

35 

35 N 

325 

12 

177 

Cloudy Gentle NE breeze 

14 

35 

35 N. 

323 

00 

108 

Cloudy Gentle breeze from ESE 

15 

35 

32 N 

320 

32 

120 

Cloudy, squally, rain Variable winds. 

16 

36 

17 N 

316 

37 

196 

Overcast, ram Strong SW breeze to calm. 

17 

36 

13 N 

314 

46 

90 

Overcast, rain. Moderate breeze from ENE 

18 

36 

15 N 

310 

58 

184 

Cloudy, overcast, rain Moderate SW. breeze to calm 

19 

36 

35 N. 

310 

04 

48 

Cloudy, rain Variable winds and calm 

20 

36 

54 N. 

308 

55 

58 

Cloudy, ram Variable winds 

21 

35 

41 N 

308 

39 

74 

Partly cloudy. Gentle breeze from WNW Lightning 

22 

34 

21 N 

307 

32 

98 

Cloudy, squally, ram Fresh breeze from ENE 

23 

34 

01 N. 

304 

00 

177 

Partly cloudy Gentle NE. breeze. 

24 

34 

03 N 

302 

08 

93 

Partly cloudy, squally Calm to strong SW. breeze. 

25 

34 

54 N 

301 

23 

64 

Cloudy, squally Strong gale blowing from WNW 

26 

34 

48 N 

301 

44 

18 

Cloudy, squally. Strong gale blowing from N 

27 

33 

39 N. 

301 

10 

75 

Partly cloudy. Gentle breeze from WNW. 

28 

33 

21 N 

299 

15 

99 

Cloudy, squally, rain Moderate breeze to moderate gale from NE 

29 

34 

25 N 

296 

00 

174 

Overcast, ram Variable winds 

30 

35 

43 N 

294 

47 

98 

Cloudy, squally, ram Storm from NW. Lightning, 

Dec. 1 

35 

51 N 

294 

09 

32 

Cloudy, squally, heavy sea Storm shifting to NNW 

2 

36 

22 N 

291 

35 

129 

Partly cloudy. Moderate NW breeze. 

3 

36 

37 N. 

288 

59 

126 

Cloudy, moderate sea Moderate breeze from NNW 

4 

37 

44 N 

291 

01 

118 

Cloudy Moderate breeze from NNW. Rough sea. 

5 

38 

11 N. 

291 

55 

51 

Cloudy, squally, ram Moderate breeze from NW by N 

6 

37 

09 N 

293 

44 

106 

Cloudy Gentle NW. breeze. 

7 

37 

35 N 

292 

50 

50 

Cloudy, squally. Gale blowing from SW by S 

8 

39 

05 N 

291 

34 

108 

Cloudy, squally Gale shifted to W 

9 

39 

24 N. 

291 

58 

27 

Cloudy, squally. Gale blowing from NW Sea moderating. 

10 

38 

55 N 

291 

03 

51 

Cloudy Moderate breeze from SW. by W 

11 

40 

42 N 

290 

17 

113 

Cloudy Gentle NW breeze 

12 1 

Block Island 


119 

Partly cloudy. Gentle NW. breeze At 2 h 40 m p m sighted Block Island 







At 4 h 20 m p m off Block Island. Moderate NW breeze 


Total distance 5,450 miles Time of passage 58 2 days. Average day’s run 93 6 miles. 


iThe Carnegie anchored off New London. After completion of swings in Gardiners Bay the Carnegie left Greenport m 
tow December 18 at ll h 30 m a m and was finally berthed at Brooklyn, December 19, 1913. 


Summary of Passages for Cruise II of the Carnegie. 

Table 68 


Passage 

Length of 
passage 

Time of 
passage 

Average 
day’s lun 

Passage 

Length of 
passage 

Time of 
passage 

Average 
day's run 


miles 

days 

miles 


miles 

days 

miles 

Brooklyn to Greenport 

91 



Batavia to Manila. 

8,291 

73.5 

113 

Greenport to Port Mulas 

3,016 

25 0 

121 

Manila to Suva. . 

8,158 

75 1 

109 

Port Mulas to Para 

4,257 

37 1 

115 

Suva to Papeete 

10,525 

74 1 

142 

Para to Rio de Janeiro 

4,733 

47 8 

99 

Papeete to Talcahuano . 

5,520 

42 4 

130 

Rio de Janeiro to Monte- 




Talcahuano to Port Stanley 

4,853 

39 1 

124 

video 

1,258 

15 7 

80 

Port Stanley to Jamestown. 

4,606 

40 1 

115 

Montevideo to Cape Town 

3,659 

27 5 

133 

Jamestown to Bahia 

1,931 

14 8 

130 

Cape Town to Colombo 

5,870 

42 2 

139 

Bahia to Jamestown. 

4,140 

35 6 

no 

Colombo to Port Louis 

3,666 

30 0 

122 

Jamestown to Falmouth, 

0,051 

53 1 

114 

Port Louis to Colombo 

3,830 

24 6 

156 

Falmouth to Greenport. 

5,450 

58 2 

94 

Colombo to Batavia 

2,833 

41 8 

68 

Greenport to Brooklyn 

91 

0 5 



Length of Cruise II. 92,829 miles Time at sea* 798 days. Average day’s run 110 miles. 
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Brooklyn, New York, to Hammerfest, Norway 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1914 

O / 

o / 

miles 


June 8 

Brooklyn 



l h 25 m p m. left Erie Basin in tow 5 h 05 m p m anchored off Matmicock 





Point Head wind and tide 

9 

Matmicock 

Point 


4 h 35“ p m left anchorage. Moderate breeze from ENE. 

10 

41 03 N 

288 36 

102 

Discharged pilot at 6 h 40 m a m At 6 h 35 m p m seaman Bosanquet fell 





overboard and drowned Fresh SW. breeze 

11 

40 34 N 

292 12 

168 

Light breeze from W. Clear 

12 

40 21 N 

295 22 

190 

Moderate SW breeze Overcast 

13 

40 03 N 

300 11 

220 

Fresh SW. breeze. Squally. 

14 

40 11 N 

305 07 

226 

Variable winds Overcast, ram 

15 

39 22 N 

307 05 

104 

Variable winds Overcast, ram 

16 

40 45 N 

310 32 

180 

Fresh breeze from SW by S Cloudy. 

17 

42 44 N 

313 10 

167 

Moderate SW breeze. Cloudy, fog. 

18 

45 13 N 

316 36 

210 

Fresh NW breeze Cloudy, 

19 

46 07 N 

321 30 

211 

Moderate NW breeze Clear. 

20 

46 28 N 

324 21 ; 

120 

Moderate SW. breeze. Overcast, ram. 

21 

48 21 N. 

328 45 

210 

Fresh NW breeze Cloudy, ram 

22 

50 44 N 

331 36 

181 

Moderate breeze from W. Fog, rain 

23 

52 50 N 

334 53 

175 

Moderate breeze from W. Cloudy 

24 

54 58 N 

338 16 

125 

Moderate NW. breeze Cloudy 

25 

57 10 N 

342 11 

186 

Fresh breeze from W. Cloudy 

26 

59 48 N 

346 56 

217 

Moderate breeze from W Overcast, ram 

27 

62 16 N 

352 20 

217 

Fresh breeze from WNW Squally 

28 

64 28 N 

359 31 

233 

Fresh NW breeze Overcast 

29 

66 56 N 

5 31 

209 

Fresh NW breeze. Overcast, ram, squally 

30 | 

67 45 N 

8 03 

76 

Variable winds. Overcast, cloudy 

July 1 

70 18 N 

13 00 

186 

Fresh breeze from SSW Squally, ram 

2 

71 01 N 

18 46 

122 

Strong SW. breeze to gale Squally 

3 j 

Hammerfest 

117 

Anchored at Hammerfest lam 


Total distance 4,152 miles. Time of passage 24.5 days Average day’s run* 169 5 miles 


Hammerfest, Norway, to Reykjavik, Iceland. 


1914 

o 

/ 

o 

/ 

miles 


July 25 

Hammerfes' 




At 3 h 12“ p m left B[ammerfest under own power Swung ship in outer bay. 

26 

72 

15 IN 

21 

20 

100 

Moderate breeze from NE. by N Overcast 

27 

73 

29 N. 

16 

02 

119 

Moderate NE breeze to calm. Overcast 

28 

73 

28 N. 

16 

01 

1 

Calm. Overcast. 

29 

73 

52 N. 

16 

03 

24 

Light airs from NNW. Overcast 

30 

74 

30 N 

16 

55 

41 

Light airs Overcast 

31 

75 

18 N. 

16 

10 

49 

Light winds Cloudy, overcast Sighted growlers 

Aug 1 

76 

40 N. 

13 

49 

89 

Ice pack sighted, lam. Gentle SW. breeze. Overcast 

2 

78 

24 N 

8 

47 

123 

Light to strong wind from SSW. Misty, overcast 

3 

79 

47 N. 

8 

54 

83 

Strong SW. winds Ram, fog, mist 

4 

79 

19 N 

8 

49 

28 

Strong winds from S. Cloudy Engine running. 

5 

79 

05 N 

10 

19 

22 

Strong winds from S Overcast, fog. Engine running 

6 

78 

29 N 

9 

30 

37 

Moderate variable breezes Fog 

7 

77 

13 N 

4 

48 

97 

Moderate variable breezes to calm. Overcast. Swung ship 

8 

76 

29 N 

3 

13 

48 

Moderate breeze from NNE. Cloudy, overcast 

9 

74 

48 N. 

0 

10 

111 

Moderate variable breezes Overcast, ram, fog. 

10 

72 

03 N 

356 

20 

176 

Moderate breeze from NE by E. Ram, fog, mist 

11 

71 

11 N 

355 

12 

56 

Light to moderate NE. breeze Fog, rain. 

12 

69 

05 N 

353 

15 

132 

Variable breezes Overcast 

13 

66 

55 N 

353 

31 

130 

Variable breezes Overcast, mist 

14 

66 

46 N 

353 

19 

10 

Moderate breeze from WSW Fog 

15 

65 

28 N 

355 

20 

92 

Moderate breeze from WSW. Overcast, fog 

16 

65 

51 N. 

353 

44 

57 

Moderate breeze from W Overcast, fog. 

17 

64 

47 N 

353 

44 

64 

Moderate, variable breezes. Overcast, fog 

18 

65 

04 N 

351 

22 

62 

Variable breezes Fog, overcast. 

19 

64 

11 N. 

351 

04 

54 

Calm to light variable breezes Overcast, cloudy 

20 

63 

57 N 

348 

56 

58 

Light SE. breeze Cloudy 

21 

63 

23 N 

345 

16 

103 

Light variable breezes. Cloudy, overcast. 

22 

62 

59 N 

341 

14 

112 

Strong wind from ESE. Cloudy, overcast, squalls 

23 

63 

45 N 

337 

11 

118 

Variable breezes Cloudy. Tacking off coast of Iceland 

24 

Reykjavik 



29 

Light breeze from ENE. Overcast, cloudy. At 2 h 4CF p. m anchored 


Total distance 2 f 225 miles. Time of passage* 30 days Average day’s run 74 2 miles 
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Reykjavik, Iceland, to Greenport, New York 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1914 

o 

f 

0 

/ 

miles 


Sept 13 

Reykjavik 




At l h 45 rn p m left Reykjavik Squally 

14 

62 

42 N 

333 

10 

164 

Strong wind from N by W Rough sea. Squalls 

15 

60 

33 N 

328 

58 

175 

Fresh NE breeze Cloudy, showers 

16 

58 

20 N 

323 

21 

216 

Fresh NE breeze Moderating sea, cloudy 

17 

58 

11 N 

319 

30 

122 

Light to model ate breeze from ENE Cloud\ 

18 

58 

03 N 

315 

28 

128 

Moderate breeze from ESE Cloudy 

19 

57 

56 N. 

310 

22 

163 

Moderate E breeze Cloudy, misty 

20 

58 

34 N 

306 

06 

140 

Moderate breeze from NNE Cloudy, ram 

21 

55 

SON 

306 

19 

177 

Moderate to light variable breezes Cloudy 

22 

54 

37 N. 

307 

31 

83 

Light variable breezes Cloudy 

23 

53 

SON 

309 

02 

71 

Fresh to light westerly breezes Cloudy, fog, ram 

24 

52 

49 N 

309 

52 

68 

Light NE breeze Cloudy, overcast 

25 

51 

39 N 

310 

24 

73 

Light to moderate SW breeze Fog, ram 

26 

51 

17 N 

312 

13 

72 

Light to moderate variable breezes. Fog, mist. 

27 

49 

51 N 

311 

38 

89 

Moderate westerly breeze to gale Misty, clear 

28 

48 

56 N 

312 

36 

68 

Gale to light northerly breezes Clear 

29 

47 

04 N 

311 

22 

123 

Moderate breeze from SSE Overcast, ram, clear 

30 

47 

00 N. 

309 

12 

89 

Fresh variable winds Cloudy, rain 

Oct 1 

46 

18 N 

309 

05 

42 

Variable winds Squalls, cloudy 

2 

45 

09 N 

307 

18 

104 

Fresh variable winds Overcast, ram 

3 

43 

46 N 

303 

07 

197 

Moderate NNW breeze. Clear, cloudy 

4 

43 

10N 

302 

47 

68 

Moderate NNE. breeze Clear 

5 

42 

52 N 

299 

47 

89 

Light to moderate SW breeze Clear 

6 

42 

36 N 

297 

24 

107 

Moderate to strong breeze from NNE Overcast, clear 

7 

41 

35 N 

293 

48 

171 

Moderate to light variable breezes Cloudy, clear 

8 

41 

30 N. 

293 

16 

25 

Gentle breeze to light air from WSW Clear. 

9 

40 

58 N 

291 

52 

71 

Light variable air Fog. 

10 

40 

49 N 

290 

28 

65 

Light to moderate breeze from S. Fog followed by clear weather 

11 

41 

08 N 

287 

57 

116 

8 h 15 m a m anchored off Gardiners Island Head wind 

12 1 

Greenport 



16 

8 h 30 m a m left anchorage and proceeded under engine-power to Greenport 







l h 12 ra p m anchored m Greenport Harbor Head wind 


Total distance 3,092 miles Time of passage 29 days Average day’s run 106 6 miles 


1 After swinging ship and making final observations, the Carnegie left Gardiners Bay under her own power at ll h 15 m a m 
October 21, arriving at Brooklyn 4pm of same day 


Summary of Passages for Crmse III of the Carnegie 
Table 69 


Passage 

Length of 
passage 

Time of 
passage 

Average 
day’s run 

Brooklyn to Hammerfest 

miles 

4,152 

days 

24 5 

nnlev 

170 

Hamm erf est to Reykjavik 

2,225 

30 0 

74 

Reykjavik to Greenport 

3,092 

29 0 

107 

Greenport to Brooklyn 

91 

0 2 



Length of Cruise III 9,560 miles Time at sea 83 7 days A\ erage day’s run 114 miles 
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Brooklyn to Colon, Panama 


Date 

Noon position 

Day’s 

run 

Bemarks 

Lat 

Long. 

E of Gr. 

1916 

0 t 

0 / 

miles 


Mar 6 

Brooklyn 



Left Beard’s Basm in tow at 8 h 20“ a m. 10 h 20 m p m anchored in Gardi- 





ners Bay. 

7 

Gardiners Bay . 

91 

Swung ship two helms Strong NE breeze to calm Cloudy. 

8 

Gardiners Bay 


Swung ship four helms Gentle breeze. 

9 

Gardiners Bay 

. 

At 9 h 10® a. m under way m tow of tug Fresh breeze Clear 

1 HI 


288 22 

235 

Strong NW. wind Squally 

11 

33 40 N 

288 28 

207 

Strong NW. wind 

12 

30 45 N. 

288 11 

176 

Moderating wind and sea. Partly cloudy. 

13 

27 52 N 

288 46 

175 

Moderate wind Partly cloudy. 

14 

26 27 N. 

289 19 

90 

Gentle breeze to calm to fresh breeze 

15 


290 24 

156 

Fresh to light breeze. Cloudy. 

16 

22 52 N 

290 37 

72 

Light to moderate breeze. Partly cloudy 

17 

22 15 N 

293 03 

140 

Moderate breeze. Partly cloudy. 

18 


293 13 

98 

Gentle breeze. Clear, overcast. 

19 

18 11 N 

291 43 

169 

Moderate breeze Overcast. Through Mona Passage 

20 

16 49 N 

289 32 

149 

Gentle breeze, clear. 

21 

15 13 N. 

287 12 

164 

Moderate breeze Clear. 

22 

13 29 N 

284 37 

180 

Moderate breeze Cloudy. 

23 


282 32 

149 

Gentle breeze. Overcast. 

24 

10 55 N 


145 

Moderate breeze. Cloudy. 

25 

Colon 1 

* 

91 

At 3 h 50® a. m. anchored m Colon Bay 


Total distance 2,487 miles Time of passage 16 4 days. Average day’s run 151 6 miles. 


^he Carnegie left Colon Harbor in tow April 7, at 8 h 25 m a m , to pass through the Panama Canal, and arrived at Pedro 
Miguel at 4p m Leaving Pedro Miguel the next morning at 7 h 30“, the vessel arrived at Balboa, April 8, at 10 h 45 m a.m 


Balboa, Canal Zone, to Honolulu. 


1916 

o 

' 1 

O 

p 

miles 

Apr 12 

Balboa.. . 




13 

6 

30 N 

279 

56 

151 

14 

5 

32 N 

279 

44 

59 

15 

3 

59 N. 

279 

33 

93 

16 

2 

36 N 

278 

09 

119 

17 

2 

09 N. 

276 

18 

114 

18 

2 

26 N 

273 

44 

155 

19 

2 

10 N. 

271 

54 

111 

20 

2 

10N 

269 

33 

141 

21 

2 

58 N. 

267 

14 

147 

22 

3 

42 N 

264 

35 

165 

23 

4 

55 N 

263 

53 

85 

24 

4 

28 N 

263 

55 

27 

25 

3 

49 N 

264 

40 

59 

26 

4 

15 N. 

263 

38 

67 

27 

4 

57 N 

262 

11 

97 

28 

6 

27 N. 

261 

17 

105 

29 

8 

12 N 

260 

39 

112 

30 

8 

29 N 

259 

47 

54 

May 1 

8 

39 N 

257 

56 

110 

2 

9 

51 N. 

255 

33 

167 

3 

10 

19 N. 

253 

36 

109 

4 

10 

25 N 

250 

14 

199 

5 

11 

08 N 

247 

40 

156 

6 

11 

53 N 

244 

53 

170 

7 

12 

46 N 

241 

55 

182 

8 

13 

38 N 

239 

17 

163 

9 

14 

42 N. 

235 

58 

203 

10 

15 

50 N. 

232 

46 

198 

11 

16 

49 N. 

230 

06 

164 

12 

17 

28 N. 

227 

10 

173 

13 

18 

10 N. 

224 

02 

184 


At 10 a. m. left Balboa 
Gentle breeze to calm. Clear 
Light airs and calm. Clear. 

Light airs. Partly cloudy. Swung ship 
Light breeze. Partly cloudy. 

Light breeze. Partly cloudy 
Gentle breeze. Clear. 

Light breeze. Partly cloudy. 

Gentle breeze. Partly cloudy. 

Gentle breeze. Partly cloudy. 

Gentle breeze Cloudy. Showers 
Light variable winds. Cloudy, squally. 
Light winds Partly cloudy. 

Light variable winds Partly cloudy 
Light breeze. Cloudy, squally. 

Gentle to light breeze. Passmg showers 
Gentle breeze. Squalls, ram 
Gentle breeze to light airs. Partly cloudy 
Light airs Partly cloudy, rain. 

Gentle breeze. Partly cloudy. 

Moderate breeze. Partly cloudy 
Gentle breeze. Partly cloudy 
Moderate breeze. Partly cloudy. 
Moderate breeze. Partly cloudy. 
Moderate breeze. Cloudy, showers 
Fresh breeze Cloudy, showers. 

Moderate breeze. Partly cloudy, showers 
Strong breeze Partly cloudy. 

Fresh breeze. Partly cloudy 
Moderate breeze Showers. 

Moderate breeze. Cloudy, showers 
| Fresh breeze Partly cloudy. 
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Balboa, Canal Zone, to Honolulu — concluded. 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat. 

Long 

E of Gr 

1915 

0 $ 

0 

r 

miles 


May 14 

19 00 N. 

221 

16 

164 

Moderate breeze. Partly cloudy, showers 

15 

19 45 N 

218 

11 

179 

Fresh breeze Partly cloudy. 

16 

19 54 N 

215 

34 

148 

Gentle breeze Cloudy, showers 

17 

20 34 N 

212 

21 

186 

Fresh breeze Partly cloudy 

18 

20 53 N 

209 

24 

166 

Moderate breeze Squally, ram 

19 

21 05 N 

206 

24 

168 

Moderate breeze Cloudy, showers 

20 

21 23 N 

203 

25 

168 

Moderate breeze. Partly cloudy 

21 

Honolulu 



85 

Clear. Moderate breeze At 9 h 30 m a m made fast to Quarantine Wharf 


Total distance 5,303 miles Time of passage 39 days Average day’s run 136 0 miles 


Honolulu to Dutch Harbor, Alaska 


1 1916 1 

o 

' 1 

0 

; 

miles 


July 

3 

Honolulu 




2 h 15 m p m. left Honolulu. Swung ship off Pearl Harbor till sunset 


4 

22 

39 N 

201 

20 

103 

Light to fresh breeze Partly cloudy. 


5 

25 

40 N. 

199 

47 

200 

Fresh breeze Paitly cloudy 


6 

28 

03 N 

198 

54 

150 

Moderate breeze. Smooth sea 


7 

29 

49 N 

198 

44 

107 

Light breeze Smooth sea Partly cloudy 


8 

31 

22 N. 

198 

36 

93 

Moderate breeze Partly cloudy 


9 

33 

45 N 

198 

35 

143 

Moderate to strong breeze. Overcast 


10 

36 

24 N, 

199 

01 

160 

Moderate breeze. Cloudy, ram 


11 

37 

31 N. 

196 

10 

154 

Moderate breeze. Cloudy, rain 


12 

38 

58 N 

193 

22 

158 

Moderate breeze Squally, overcast 


13 

40 

20 N 

190 

42 

149 

Moderate breeze Overcast. 


14 

40 

51 N. 

189 

28 

64 

Light breeze to calm. 10 h 25 m a m. started engine 


16 

42 

20 N 

189 

41 

90 

Calm, cloudy 2pm stopped engine 


16 

43 

24 N 

189 

42 

64 

Calm to moderate breeze Overcast 


17 

46 

06 N 

190 

11 

163 

Fresh breeze. Overcast, ram 


18 

49 

23 N. 

190 

29 

197 

Fresh breeze Rough sea Overcast, ram. 


19 

52 

36 N 

190 

18 

193 

Fresh to moderate breeze Cloudy. 


20 

Dutch Harbor 


138 

Moderate breeze to calm Started engine 4 b 30™ a m and ran to anchorage 








in Dutch Harbor at 12 h 40 m p m 




Total distance 

2,326 miles 

Time of passage 16 9 days Average day’s run 137 6 miles 






Dutch Harbor to Port Lyttelton, New Zealand 

1 1916 

1 ° 

f 

1 0 

/ 

miles 


Aug 

5 

Dutch Harbor . 



Left Dutch Harbor at ll b 18“ a m. Ram 


6 1 

56 

16 N 

192 

17 

150 

Fresh to moderate breeze Overcast 


7 

57 

22 N 

193 

11 

73 

Calm to moderate breeze Overcast 


8 

58 

02 N. 

192 

26 

47 

Moderate gale to calm Overcast 


9 

57 

54 N 

190 

28 

63 

Light air to moderate gale Cloudy. 


10 

59 

07 N 

187 

45 

112 

Moderate breeze Overcast 


11 

59 

32 N 

186 

53 

36 

Calm to moderate gale. Ram, overcast St Matthew Island m sight all day 


12 

58 

47 N. 

183 

00 

128 

Fresh breeze Overcast. Rough sea. 


13 

57 

11 N. 

179 

14 

154 

Moderate breeze. Overcast. Smooth sea Crossed 180th meridian. 


15 

56 

36 N 

177 

06 

78 

Overcast to clear Moderate breeze Swung ship all day 


16 

55 

35 N 

175 

17 

86 

Clear Moderate breeze Smooth sea 


17 

53 

57 N 

172 

14 

144 

Cloudy Fresh breeze 


18 

51 

49 N. 

169 

52 

155 

Strong breeze Misty Heavy sea. 


19 

51 

16 N 

168 

30 

97 

Gentle breeze Fog, ram. Heavy sea. 


20 

49 

24 N. 

168 

20 

112 

Moderate breeze. Misty 


21 

48 

14 N 

168 

24 

69 

Cloudy Light breeze NW. swell 


22 

46 

53 N 

166 

13 

120 

Oveicast Moderate breeze Smooth sea 


23 

45 

25 N 

164 

22 

117 

Overcast. Moderate breeze 


24 

44 

50 N 

163 

06 

65 

Cloudy Light breeze Smooth sea 


25 

44 

37 N 

163 

20 

17 

Cloudy Gentle breeze 


26 

41 

42 N 

163 

30 

175 

Overcast Ram. Fresh breeze 


27 

38 

54 N 

164 

05 

170 

Overcast. Moderate breeze 


28 

36 

35 N 

164 

52 

144 

Clear. Moderate breeze 


29 

35 

00 N 

167 

26 

157 

Overcast. Moderate breeze 


30 

33 

SON. 

170 

08 

151 

Cloudy. Fresh breeze. 


31 

31 

52 N. 

171 

00 

125 

Cloudy Gentle breeze 
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Noon position 


Day’s 

Remarks 

Date 

Lat. 

Long 

E of Gr 

run 

1915 

0 

/ 

0 

/ 

miles 

Left Port Lyttelton under tow at ll h 40 m a m 

Moderate variable wind. Overcast 

Dec. 6 

7 

Lyttelton 

46 14 S 

174 

44 

189 

8 

47 

47 S 

176 

23 

115 

Fresh breeze to strong gale Squally 

9 

49 

10 s 

178 

41 

123 

Strong gale to strong breeze Squally Crossed 180th meridian 

9 

50 

11 s 

181 

42 

132 

Strong breeze Overcast, squally 

10 

51 

15 S 

184 

01 

107 

Variable winds. Overcast, misty 

11 

53 

16 S 

186 

54 

160 

Strong breeze to gentle breeze. Overcast 

12 

53 

54 S 

189 

53 

81 

Fiesh variable winds. Oveicast, damp 

13 

54 

30 S 

191 

44 

104 

Fresh breeze Cloudy, squally 

14 

55 

18 S 

194 

51 

119 

Fresh breeze Cloudy, showers 

15 

56 

00 S 

197 

38 

103 

Moderate variable winds Overcast, cloudy 

16 

57 

10 s 

201 

58 

159 

Whole gale to strong breeze Ram 

17 

58 

58 S 

205 

25 

152 

Fresh breeze Overcast, misty 

18 

60 

18 S 

208 

50 

132 

Moderate variable winds Overcast, misty Iceberg 

19 

60 

19 S 

214 

18 

163 

Strong breeze Misty. Icebergs 

20 

60 

30 S 

220 

26 

182 

Fresh breeze Misty, snow Icebergs 

21 

60 

14 S 

226 

31 

181 

Fresh breeze to fresh gale Misty, snow Icebergs 

22 

59 

40 S. 

232 

08 

172 

Gentle breezes Overcast Icebergs 

23 

60 

43 S 

236 

25 

142 

Fiesh breeze Ram, mist, fog Iceberg 

24 

59 

59 S 

236 

03 

45 

Calm, fresh breeze Fog, overcast Iceberg 

25 

59 

12 S 

242 

17 

195 

Moderate gale Overcast, ram 

26 

59 

07 S 

249 

20 

217 

Strong breeze Drizzling. 

27 

59 

10 s. 

256 

31 

221 

Strong breeze. Overcast, squally. High sea 

28 

58 

48 S 

262 

52 

196 

Fresh breeze Squally, partly cloudy. 

29 

58 

47 S. 

268 

30 

175 

Overcast, ram, partly cloudy Moderate breeze 

30 

58 

49 S 

271 

33 

95 

Cloudy Light breeze 

31 

58 

56 S. 

274 

15 

84 

Partly cloudy, clear Light air to moderate breeze 

1916 
Jan 1 

59 

17 S 

279 

59 

178 

Cloudy Fresh breeze 

2 

60 

04 S 

285 

30 

174 

Fresh breeze Drizzle, fog, mist 

3 

59 

41 S. 

291 

00 

167 

Moderate breeze Partly cloudy 

4 

60 

09 S 

294 

45 

115 

Variable light winds Fog 

5 

59 

16 S. 

297 

18 

119 

Moderate breeze. Partly cloudy. 

6 

58 

42 S 

302 

25 

166 

Moderate breeze to strong gale Cloudy, overcast 

7 

57 

44 S 

307 

37 

174 

Partly cloudy Strong gale to moderate breeze 

8 

56 

26 S 

312 

47 

185 

Fresh breeze to calm Overcast, cloudy 

9 

55 

32 S 

315 

22 ! 

104 

Gentle breeze Overcast 

10 

54 

24 S 

318 

53 

138 

Gentle breeze Overcast, drizzle, fog. Icebergs 

11 

54 

04 S 

321 

30 

94 

Gentle breeze Fog, mist Icebergs Sighted South Georgia^ 

12 

54 

08 S. 

323 

30 

82 

9 h 40 m a m anchored at King Edward Cove, South Georgia Took on water 

14 

1 Kmc Edwa 

rd Cove 


7 h 30 m p m left King Edward Cove under tow 

15 

54 

16 S 

327 

11 

134 

Strong gale to light breeze Cloudy Icebergs 

16 

54 

40 S 

331 

35 

155 

Fresh breeze Ram, mist, fog Icebergs 

17 

54 

36 S 

335 

52 

148 

Moderate breeze to fresh gale Fog Icebergs 

18 

54 

33 S. 

341 

39 

201 

Fresh gale to light breeze Misty Icebergs 

19 

54 

30 S 

344 

52 

112 

Moderate breeze Overcast, drizzle, fog Icebergs 

20 

54 

18 S 

349 

59 

179 

Fresh breeze Overcast, mist, fog Icebergs 

21 

54 

20 S 

356 

36 

232 

Strong breeze Overcast, fog Icebergs 

22 

54 

00 S 

1 

42 

180 

Fresh breeze to strong gale Partly cloudy Icebergs Sighted Lindsay I. 

23 

53 

33 S 

5 

34 

140 

Strong gale to moderate breeze Cloudy Iceberg 

24 

53 

42 S 

9 

50 

152 

Moderate breeze Overcast, fog Iceberg 

25 

54 

OSS 

15 

34 

205 

Fresh breeze Snow, partly cloudy Iceberg 

26 

54 

30 S 

21 

19 

202 

Fresh breeze Overcast Iceberg, 

27 

54 

17 S 

26 

23 

178 

Strong to light breeze Fog, mist, snow Iceberg 

28 

53 

40 S 

30 

58 

165 

Fresh breeze Overcast, snow. Iceberg 

29 

52 

40 S 

36 

40 

214 

Fresh breeze to full gale Overcast 

30 

52 

45 S 

39 

13 

93 

Full gale to moderate gale Squally, ram 

31 

51 

38 S 

43 

06 

158 

Moderate gale Overcast 

Feb 1 

49 

42 S 

47 

17 

196 

Whole gale to strong wind Squally, ram 

2 

48 

36 S 

51 

00 

160 

Fresh breeze. Partly cloudy 

3 

48 

33 S 

55 

15 

168 

Model ate breeze Partly cloudy 

4 

48 

40 S 

59 

54 

188 

Fresh breeze Overcast 

5 

49 

01 s 

63 

46 

151 

Moderate breeze Overcast, drizzle, followed by clear weather 

6 

49 

34 S 

67 

13 

139 

Fresh breeze Overcast, mist, drizzle 

7 

51 

01 S 

70 

50 

163 

Moderate to whole gale Cloudy, mist, squally 

8 

52 

07 S 

74 

59 

168 

Strong breeze Squally, overcast. 
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Ocean Magnetic Observations, 1905-16 

Poet Lyttelton to South Georgia and to Port Lyttelton — concluded. 


Date 

Noon position 

CO 

« c 

Remarks 



1916 

o 

f 

o 

f 

miles 


Feb 9 

51 

04 S 

77 

54 

125 

Strong breeze Cloudy. 

10 

49 

47 S 

80 

31 

127 

Gentle variable winds to strong gale Ram, mist 

11 

47 

10 S. 

83 

41 

201 

Fresh gale. Squally, drizzle 

12 

44 

06 S 

86 

32 

219 

Fresh gale Squally. 

13 

41 

15 S 

88 

34 

195 

Strong winds. Squally, overcast. 

14 

38 

18 S. 

90 

28 

197 

Strong wind. Overcast. 

15 

35 

48 S. 

93 

13 

198 

Moderate wind. Cloudy. 

16 

34 

32 S 

96 

00 

157 

Moderate breeze. Clear. 

17 

34 

59 S 

95 

36 

99 

Gentle breeze Overcast. 

18 

36 

10 s 

95 

26 

71 

Light breeze to calm. Overcast. 

19 

36 

08 S 

97 

11 

85 

Calm ; going under engine-power. Overcast 

20 

37 

26 S 

97 

32 

80 

Gentle breeze Overcast 

21 

39 

48 S 

99 

13 

162 

Moderate gale. Partly cloudy, squally. 

22 

42 

18 S 

100 

29 

160 

Strong wind. Overcast 

23 

46 

07 S 

101 

36 

233 

Fresh gale to moderate breeze Mist, drizzle 

24 

47 

52 S 

102 

04 

107 

Gentle breeze. Overcast 

25 

47 

49 S 

103 

42 

66 

Moderate breeze. Cloudy 

26 

49 

58 S 

104 

54 

137 

Fresh breeze to strong gale Squally, drizzle 

27 

52 

32 S 

106 

37 

168 

Whole gale. Squally, drizzle. 

28 

54 

33 S 

107 

37 

126 

Strong breeze Mist, drizzle 

29 

57 

08 S 

108 

32 

158 

Strong gale Squally 

Mar. 1 

59 

15 S 

110 

04 

136 

Moderate gale Snow, squally, cloudy. 

2 

56 

54 S 

112 

27 

161 

Moderate gale Partly cloudy, squally, snow. 

3 

53 

45 S 

113 

45 

193 

Fresh breeze. Overcast 

4 

51 

30 S. 

116 

30 

169 

Fresh variable winds Overcast, mist, drizzle 

5 

49 

13 S. 

120 

19 

201 

Fresh gale Squally, drizzle, hail 

6 

46 

02 S 

122 

59 

219 

Fresh to whole gale Squally, ram. 

7 

45 

09 S 

125 

11 

107 

Storm to strong gale Squally, ram. 

8 

44 

58 S 

126 

04 

39 

Strong gale Squally, cloudy, hail, rain. 

9 

44 

11 S 

126 

37 

53 

Moderate gale Squally, ram 

10 

41 

51 S 

127 

52 

149 

Fresh gale to strong breeze Squally, drizzle 

11 

39 

54 S 

129 

18 

135 

Fresh to light breeze. Squally, overcast 

12 

40 

25 S 

130 

07 

49 

Moderate breeze. Partly cloudy 

13 

43 

04 S 

131 

05 

165 

Fresh breeze. Partly cloudy 

14 

46 

28 S 

130 

55 

205 

Fresh breeze. Squally. 

15 

48 

42 S 

132 

56 

156 

Fresh breeze. Squally, cloudy 

16 

50 

27 S 

132 

59 

106 

Moderate breeze. Overcast, mist, fog. 

17 

53 

44 S 

131 

55 

200 

Strong breeze to fresh gale Cloudy, squally. 

18 

56 

35 S. 

133 

10 

176 

Whole gale. Squally, hail, drizzle. 

19 

56 

48 S. 

135 

40 

84 

Squally. Whole gale to moderate breeze 

20 

57 

09 S 

138 

42 

102 

Moderate breeze. Clear to overcast. 

21 

56 

53 S 

143 

05 

144 

Moderate breeze. Overcast, mist, fog. 

22 

56 

47 S 

144 

52 

59 

Moderate variable breeze. Overcast, fog, mist. 

23 

56 

39 S 

147 

12 

77 

Moderate variable breeze Overcast, fog, mist. 

24 

54 

24 S 

151 

05 

190 

Fresh breeze. High sea, cloudy. 

25 

52 

54 S 

154 

27 

150 

Moderate to light breeze Overcast 

26 

52 

37 S 

156 

40 

82 

Gentle variable winds. Overcast, drizzle 

27 

50 

59 S 

160 

52 

184 

Strong breeze Rough sea, cloudy 

28 

48 

31 S. 

164 

11 

196 

Moderate breeze. Overcast. 

29 

47 

52 S 

167 

52 

153 

Moderate breeze. Overcast. Sighted Snares and Stewart Islands. 

30 

46 

08 S 

171 

09 

170 

Moderate breeze. Cloudy, overcast 

31 

44 

49 S 

172 

57 

109 

Light breeze. Overcast to partly cloudy 

Apr 1 

Lyttelton 



73 

Light breeze. Docked at Lyttelton at 10 h 25 m a m 


Total distance* 17,084 miles. Time of passage* 118 days. Average day’s run: 144 8 miles 


Port Lyttelton to Pago Pago, Samoa 


1916 
May 17 

0 / 

Lyttelton 

0 / 

miles 

Left Lyttelton under tow at l h 10“ p. m. Gentle breeze 

18 

43 51 S 

174 34 

84 

Light variable winds 

19 

42 54 S. 

174 13 

58 

Gentle variable breeze Easterly swell 

20 

43 40 S 

176 06 

94 

Strong breeze to light air 

21 

43 58 S. 

176 44 

32 

Light airs and calm Easterly swell 

22 

44 03 S. 

178 26 

74 

Calm to strong winds. Crossed 180th meridian 
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Port Lyttelton to Pago Pago, Samoa — concluded . 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long. 

E of Gr 

1916 

o 

/ 

0 

/ 

miles 


May 22 

43 

38 S. 

181 

51 

150 

Fresh breeze NE. swell 

23 

41 

16 S 

184 

21 

185 

Strong to light breeze 

24 

39 

49 S 

185 

46 

108 

Gentle to strong breeze SW swell. 

25 

36 

44 S. 

186 

36 

189 

Fresh breeze. 

26 

33 

34 S 

187 

20 

193 

Moderate breeze. 

27 

30 

46 S. 

185 

28 

192 

Fresh breeze. NE swell 

28 

30 

59 S 

186 

15 

42 

Fresh gale to moderate breeze. NE. swell 

29 

30 

32 S 

187 

53 

89 

Gentle breeze. Squally, lightning and thunder. 

30 

29 

09 S. 

188 

10 

88 

Gentle breeze to calm. Southerly swell 

31 

28 

47 S 

189 

22 

67 

Calm to fresh breeze 

June 1 

26 

47 S 

191 

35 

166 

Strong to gentle breeze. 

2 

24 

42 S 

191 

39 

125 

Gentle breeze. Smooth sea. 

3 

22 

42 S i 

191 

05 

124 

Gentle breeze to moderate gale. SSW swell 

4 

19 

30 S 

190 

06 

200 

Moderate gale to moderate breeze SE swell, thunder 

5 

18 

33 S. 

189 

06 

81 

Gentle breeze and calm SE swell 

6 

16 

18 S i 

189 

31 

136 

Fresh variable winds. Squally SE swell. 

7 

Pago Pago 



118 

Fresh breeze. Started engine 6 h 30 ra a. m Anchored at 2 p m. at buoy C. 


Total distance. 2,595 nnles. Time of passage 22 days. Average day’s run 118 0 miles. 


Pago Pago to Port Apra, Guam. 


1916 

o 

' 1 

o 

/ 

miles 


June 19 

Pago Pago 

t * 



Left buoy under power at ll h 10 m a m. 

20 

11 

SOS 

189 

08 

165 

Strong breeze Easterly swell Partly cloudy. 

21 

9 

14 S 

189 

24 

157 

Moderate breeze Partly cloudy. 

22 

6 

32 S 

188 

50 

165 

Fresh breeze Partly cloudy. 

23 

3 

42 S. 

187 

54 

179 

Moderate breeze. Partly cloudy. 

24 

1 

26 S 

186 

55 

149 

Moderate to gentle breeze 

25 

0 

36 N 

186 

07 

131 

Gentle breeze Smooth sea Cloudy 

26 

2 

14 N 

184 

34 

134 

Moderate breeze Partly cloudy 

27 

4 

34 N. 

182 

54 

173 

Fresh breeze Cloudy, squally. 

28 

7 

31 N. 

181 

44 

190 

Fresh breeze. Partly cloudy. 

29 

10 

31 N 

180 

24 

197 

Fresh breeze Partly cloudy. Crossed 180th meridian 

July 1 

12 

53 N 

179 

08 

161 

Moderate breeze Cloudy, squally. 

2 

14 

54 N 

176 

53 

177 

Moderate breeze Partly cloudy 

3 

15 

44 N 

174 

20 

156 

Gentle breeze Smooth sea Squally, ram. 

4 

16 

20 N 

172 

11 

129 

Moderate breeze Smooth sea Partly cloudy 

5 

17 

21 N 

170 

08 

132 

Moderate breeze Smooth sea. Partly cloudy. 

6 

18 

15 N. 

167 

30 

161 

Moderate breeze Partly cloudy 

7 

19 

26 N 

165 

16 

145 

Moderate breeze Partly cloudy. 

8 

20 

20 N. 

163 

03 

136 

Gentle breeze. Smooth sea Squally, cloudy 

9 

20 

26 N 

161 

10 

106 

Gentle breeze SE swell. Partly cloudy 

10 

19 

56 N. 

159 

24 

103 

Gentle breeze. Smooth sea. Partly cloudy 

11 

19 

20 N 

157 

38 

106 

Gentle breeze SE swell Partly cloudy. 

12 

18 

10 N 

155 

14 

153 

Moderate bieeze Partly cloudy 

13 

17 

03 N 

152 

54 

150 

Moderate breeze ESE swell Partly cloudy 

14 

15 

56 N 

150 

37 

148 

Moderate breeze Partly cloudy 

15 

14 

43 N 

148 

10 

160 

Moderate breeze. Partly cloudy. 

16 

14 

03 N 

145 

58 

134 

Gentle breeze. Smooth sea. Overcast 

17 

Guam, Port Apra 

90 

Light breeze. Smooth sea Overcast Moored to buoy, Port Apra, 3 h 15 m p. m. 


Total distance 3,987 miles Time of passage 27.2 days. Average day’s run* 146.6 miles. 
Port Apra, Guam, to San Francisco. 


1916 

0 , 

0 / 

miles 

Left buoy at 1 p m m tow Heavy squall. 

Moderate gale Heavy swell Squally, ram 

Aug. 7 

8 

Guam, Port 
15 10 N 

Apra 

144 17 

107 

9 

16 45 N 

144 11 

95 

Fresh gale Heavy swell Squally, rain 

10 

17 21 N. 

144 28 

40 

Fresh gale. Heavy swell Squally, ram. 

11 

17 54 N 

144 27 

32 

Fresh breeze. WSW swell Squally, ram. 

12 


143 35 

126 

Fresh gale. Heavy sea. Overcast. Squally. 

13 

23 35 N 

144 29 

231 

Fresh gale. Heavy sea Squally, rain. 
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Port Apr a, Gxjam, to San Francisco — concluded 


Date 

Noon position 

Day’s 

run 

Remarks 

Lat 

Long 

E of Gr 

1916 

0 

/ 

0 

/ 

miles 


Aug 14 

27 

03 N 

144 

25 

208 

Fresh breeze SSW. swell Cloudy 

15 

30 

08 N 

143 

59 

185 

Strong to light breeze Overcast 

16 

30 

18 N 

144 

20 

20 

Calm to gentle breeze. Cloudy 

17 

31 

58 N 

143 

40 

106 

Moderate breeze Overcast, drizzling 

18 

34 

14 N 

146 

09 

185 

Strong breeze High sea Ram. 

19 

36 

26 N 

150 

30 

251 

Strong breeze. Squally, rain 

20 

38 

38 N 

154 

05 

215 

Moderate breeze Overcast, drizzling 

21 

40 

29 N 

156 

39 

162 

Gentle breeze Westerly swell Overcast 

22 

42 

51 N 

158 

26 

134 

Moderate breeze Overcast 

23 

44 

57 N 

159 

20 

132 

Gentle breeze Smooth sea Partly cloudy 

24 

46 

24 N 

160 

26 

99 

Light air Smooth sea Overcast 

25 

46 

56 N 

163 

06 

113 

Light breeze Smooth sea Cloudy 

26 

47 

08 N 

165 

22 

93 

Swinging ship under engine power for H and I 

27 

47 

16 N 

167 

49 

100 

Swinging ship for D, 5 headings 1 helm. 

28 

47 

25 N 

169 

08 

54 

Light breeze Partly cloudy Under engine power 

29 

47 

39 N 

171 

22 

92 

Gentle breeze. Overcast, ram 

30 

48 

20 N 

175 

20 

164 

Fresh breeze Overcast Crossed 180th meridian 

30 

48 

55 N 

180 

04 

191 

Gentle breeze. SW swell Misty and foggy 

31 

49 

30 N 

182 

20 

95 

Light breeze Smooth sea Overcast 

Sept 1 

49 

53 N 

184 

16 

78 

Light breeze Smooth sea Overcast 

2 

50 

59 N 

187 

28 

139 

Moderate breeze Overcast, ram 

3 

51 

31 N 

192 

02 

174 

Fresh breeze High sea Overcast, misty 

4 

51 

57 N 

196 

07 

154 

Light breeze WNW swell Overcast 

5 

52 

38 N 

199 

25 

128 

Moderate breeze Overcast 

6 

53 

16 N 

204 

16 

180 

Moderate breeze Overcast, drizzling 

7 

52 

55 N 

208 

32 

155 

Gentle breeze Smooth sea Misty, drizzling 

8 

51 

48 N 

212 

24 

157 

Strong breeze. High sea Misty, foggy 

9 

49 

33 N 

215 

51 

187 

Moderate breeze Foggy 

10 

47 

14 N 

218 

44 

179 

Moderate breeze Foggy 

11 

45 

30 N 

220 

36 

130 

Moderate breeze Foggy, misty 

12 

43 

21 N 

221 

43 

134 

Moderate breeze Overcast. 

13 

41 

18 N 

221 

44 

123 

Moderate breeze Overcast. 

14 

40 

56 N 

221 

46 

23 

Light air and calm Overcast 

15 

40 

47 N 

221 

58 

12 

Calm to gentle breeze Overcast 

16 

40 

40 N 

224 

54 

134 

Moderate breeze Overcast 

17 

40 

08 N 

228 

50 

182 

Moderate breeze Overcast 

18 

39 

28 N 

230 

44 

97 

Fresh breeze Overcast 

19 

38 

37 N. 

234 

09 

165 

Moderate breeze Overcast 

20 

38 

17 N 

235 

31 

67 

Light air Smooth sea Foggy, misty 

21 

San Francisco 

1 


109 

Anchored at Quarantine, San Francisco, at ll h 30 m a m 


Total distance 5,937 miles Time of passage 45 9 days Average day’s run 129 3 miles 


Summary of Passages for Cruise IV of the Carnegie as far as San Francisco , September 21, 1916 

Table 70 


Passage 

Length of 
passage 

Time of 
passage 

Average 
day’s run 


miles 

days 

miles 

Brooklyn to Colon 

2,487 

16 4 

152 

Colon to Balboa 

42 

0 5 


Balboa to Honolulu 

5,303 

39 0 

136 

Honolulu to Dutch Harbor 

2,326 

16 9 

138 

Dutch Harbor to Port Lyttelton 

8,865 

89 0 

100 

Port Lyttelton to Port Lyttelton 

17,084 

118 0 

145 

Port Lyttelton to Pago Pago 

2,595 

22 0 

118 

Pago Pago to Guam 

3,987 

27 2 

147 

Guam to San Francisco 

5,937 

45 9 

129 


Length of Cruise IV as far as San Francisco 48,626 miles Time at sea 374 9 days Average day’s run 130 miles 
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Final Summary for Cruises of the Carnegie, 1909-1916 ( September 21) 

Table 71 


Cruise 

Length of 
passage 

Time of 
passage 

Average 
day’s run 


miles 

days 

miles 

I, 1909-10 

9,600 

96 

100 

II, 1910-13 

92,829 

798 

116 

III, 1914 . 

9,660 

84 

114 

IV, 1915-16 

48,626 

375 

130 


Total length of cruises 1909 to September 21, 1916 160,616 miles 
Total time at sea * 1,353 days Average day’s run * 1 19 miles 

The total n um ber of days the Carnegie was in commission from September 1, 1909, 
to September 21, 1916, counting out the periods February 18 to June 19, 1910, December 20, 
1913, to June 7, 1914, and October 22, 1914, to March 5, 1915, when the vessel was at 
Brooklyn, is 2,151 days. Since 1,353 days were spent at sea, the remaining days, 798, 
are to be ascribed to the time consumed at ports in shore observations and comparisons 
of instruments, computations, repairs, and outfitting. 

AUXILIARY OBSERVATIONS ON THE CARNEGIE. 

In addition to observations in terrestrial magnetism, the scientific work aboard the 
Carnegie, as far as time and conditions permitted, included atmospheric electricity. An 
account of this work will be found in the special report on results in atmospheric elec- 
tricity (see pp. 361-422). 

Furthermore, observations were made regularly to determine the amount of atmos- 
pheric refraction by measuring the dip of the horizon with the dip-of-horizon measurer 
(Kimmtief enmesser) , by Carl Zeiss of Jena. A future special report will deal with this 
subject. 

Meteorological observations were made to the following extent: Every 4 hours at sea, 
the wind direction and force were noted. At the same time, temperatures of the sea- 
surface and the air were recorded and readings of the wet-bulb thermometer were taken. 
In addition to these usual meteorological notes, special observations were made at Green- 
wich mean noon according to the forms prepared by the United States Weather Bureau for 
observations at sea. The ship’s aneroids were controlled, from time to time, by special 
boiling-point observations at sea and by port comparisons with standard barometers, when- 
ever opportunity afforded. Beginning at Dutch Harbor, Alaska, special attention was 
also paid to occurrences of thunder at sea (see pp. 325 and 326). 

The Greenwich mean noon observations, together with notes on more or less closely 
allied phenomena (storms, polar fights, unusual meteorological events, etc.), were regularly 
transmitted to the United States Weather Bureau for discussion along with the ocean data 
received by that Bureau from other sources. 

SPECIAL INVESTIGATIONS. 

Numerous investigations have been made with reference to various matters which 
have come up, from time to time, in connection with the many interesting problems pre- 
sented in the course of the scientific work on the Galilee and the Carnegie. Some of these 
have already been fully treated in various sections of this volume. Others, for lack of 
time and space, have only been referred to. Still others could receive no mention at all. 
It is hoped that there will be opportunity to give in detail some of the additional investiga- 
tions in future volumes. Our first endeavor has been to give the main results of the 
ocean work to date. 




STATUS OF THE GENERAL MAGNETIC SURVEY OF OCEAN AREAS. 

On Plate 20, the cruises of the Galilee, 1905-1908, and the Carnegie, 1909-1916 
(September), are shown, the former by black lines and the latter by red ones. The red 
dots indicate the land magnetic stations (about 3,500) established by the Department of 
Terrestrial Magnetism from 1905 to October 1916; they are distributed over 115 different 
countries and island groups, being located especially in regions where no magnetic 
results, or but an insufficient number, had been obtained previously. The red dots in 
Hudson Strait and Hudson Bay represent the points at which magnetic observations were 
obtained by the Department in 1914 on the chartered gasoline schooner, the George B. Cluett. 

The directions in which the various passages were made are indicated by arrow-heads. 
The Arabic numbers, 1, 2, and 3, designate, respectively, the three cruises of the Galilee 
(August 1905 to May 1908) ; the Roman numbers, I, II, III, and IV, refer to the four 
cruises of the Carnegie carried out from August 1909 to September 1916. Plate 20 thus 
shows the status of the general magnetic survey of ocean areas as represented by the 
cruises of the two vessels, the Galilee and the Carnegie, from August 1905 to September 
1916. 

Table 72 — Summaiy of the Ocean Magnetic Work of the Galilee and the Carnegie , 1905-1916 {September) 


Vessel and Cruise 

Numbei 

No of obs’d values 

Average time interval 

Aveiage distance apart 

Days 

Miles 

DecPn 

Incl’n 

Hor 

Int 

Decl’n 

IncPn 

Hor 

Int. 

DecPn 

IncPn 

Hor 

Int 

Galilee , Cruise I, 1905 

92 

10,571 

74 

58 

59 

days 

1 2 

days 

1 6 

days 

1 6 

miles 

143 

miles 

182 

miles 

179 

Galilee , Cruise II, 1906 

168 

16,286 

95 

88 

91 

1 8 

1 9 

1 

8 

171 

185 

179 

Galilee, Cruise III, 1906-08 

334 

36,977 

156 

169 

171 

2 1 

2 0 

2 

0 

237 

219 

216 

Totals for Galilee 

594 

63,834 

325 

315 

321 

1 8 

1 9 

1 

9 

196 

203 

199 

Carnegie , Cruise I, 1909-10 

96 

9,600 

98 

68 

69 

1 0 

1 4 

1 

4 

98 

141 

139 

Carnegie, Cruise II, 1910-13 

798 

92,829 

858 

648 

643 

0 9 

1 2 

1 

2 

108 

143 

144 

Carnegie, Cruise III, 1914 

84 

9,560 

108 

81 

80 

0 8 

1 0 

1 

0 

89 

118 

119 

Carnegie, Cruise IV, 1915-16 

375 

48,626 

665 

369 

368 

0 6 

1 0 

1 

0 

73 

132 

132 

Totals for Carnegie 

1,353 

160,615 

1,729 

1,166 

1,160 

0 8 

1 2 

1 

2 

93 

138 

138 

Totals for Galilee and Cat negie 

1,947 

224,449 

2,054 

1,481 

1,481 

0 9 

1 3 

1 

3 

109 

152 

152 


Table 72 shows for each cruise of the Galilee and of the Carnegie the number of days 
at sea, 1 the length of the cruise in nautical miles, and the number of observed values of the 
magnetic declination, inclination, and intensity of the Earth’s magnetic field. The subse- 
quent columns give the average time-intervals, as well as the average distances apart, 
between the observations. The entries in the bottom row of the table summarize the work 
of the two vessels from August 1905 to September 1916. It will be seen that the aggre- 
gate length of all the cruises of the Galilee and Carnegie through September 1916, is 224,449 
nautical miles. The length of the return passage (see broken red lines on Plates 23 and 24) 
from San Prancisco to Brooklyn, November 1916 to October 1917, is expected to be about 
30,600 miles. Accordingly, when the present cruise (No. IV) of the Carnegie has been 
completed, namely, by the end of 1917, the aggregate length of the cruises of the two ves- 
sels will be about 255,000 nautical miles. 

It is seen from Table 72 that the average time-intervals and average distances apart 
for the Galilee work have been decreased by about 45 per cent in the Carnegie work. The 
increased efficiency, or productiveness, has resulted from the fact that the Carnegie is a 
non-magnetic vessel and because of the steady improvement in the instrumental appliances 
and observational methods. 


*In the case of the Galilee work, to the number of days at sea weie added the days spent in the harbor-swings. 
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RESULTS OF ATMOSPHERIC-ELECTRIC OBSERVATIONS 
MADE ABOARD THE GALILEE (1907-1908) AND 
THE CARNEGIE (1909-1916). 

By L A Baxter and W F G. Swann 

[Based on Observations and Reports by J. P. Ault, P. H. Dike, C. W. Hewlett, H. F. Johnston, 

B. Jones, E. Kidson, I. A. Luke, S J. Mauchly, W. J. Peters, and W. F. G. Swann.] 

INTRODUCTION. 

From the beginning of the ocean work of the Department of Terrestrial 
Magnetism, it has been its aim to include in the program of scientific work what- 
ever additional observational researches could be carried on advantageously and 
profitably without conflicting with the prime object assigned to the Department — 
the general magnetic survey of the globe. Manifestly it is necessary to restrict our 
efforts now-a-days to a few specific problems, if the results achieved are to have 
definite, scientific value. It appears that expeditions designed to undertake 
research in many and miscellaneous subjects, the interests of which not infrequently 
clash, are not likely to meet the rigid and exacting requirements of science to-day, 
though, in their time, such general expeditions had a distinct and well-recognized 
value. 

The history of modern investigation shows that in most sciences we have not 
yet reached beyond the observational and experimental stages. It appears that 
hypotheses and theories should serve chiefly as stepping-stones to still more intensive 
and unceasing experimentation and observation. We must be fully content if 
they serve both to stimulate further interest and to cause us to conduct our work 
with increasing intelligence and discernment. But this implies that we quickly 
determine in what direction our observations and experiments are leading us— in 
other words, that we so arrange our program of work as to admit of prompt reduc- 
tion and discussion of results. In brief, we must not permit observations and 
experimental results to accumulate to such an extent as to make well-nigh impos- 
sible their publication within a reasonable period. 

The experiences just alluded to seem to require that a piece of research should 
be undertaken for a given period of years systematically and unceasingly, not 
spasmodically, and that during this period the work should be so arranged as to 
permit obtaining the results striven for, expeditiously; moreover, that it should 
be possible to make opportunely and with promptness any necessary improvement 
in the work. Now these requirements set a definite limit to work of any kind which 
may be undertaken, especially such as is of world-wide extent. No one vessel can 
meet the precise needs of many sciences, nor can any one scientific party be large 
enough to grapple advantageously with more than a comparatively few sets of 
problems. Indeed, as additional experience is gained in the conduct of world prob- 
lems which must be kept going continuously for a period of years, the more and 
more does this conclusion appear to be emphasized : Keep the problems as few as 
possible, and have the scientific party no larger than is necessary to solve such 
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problems successfully and harmoniously. No commander of vessel and no one 
set of observers can be kept continuously engaged on the strenuous program which 
even but three or four great problems entail. New men must be continually 
trained to assume the responsibilities and tasks of their predecessors. 

The preceding paragraphs must suffice to show why it is necessary to limit our 
ocean investigational work to subjects which fall naturally within the province of 
the work of the Department of Terrestrial Magnetism of the Carnegie Institution 
of Washington, and why also we are prohibited, for the present at least, from 
undertaking some other important lines of inquiry. 

It is hoped that these prefatory remarks will serve to introduce the reports on 
special ocean researches, contained in this volume and subsequent ones, as also 
to give a slight indication of the difficulties of administration and direction. 

The problem which naturally suggests itself as closely related to that of 
terrestrial magnetism is that of terrestrial electricity. By the latter term is meant 
the science pertaining to the electrical phenomena exhibited by the Earth and the 
atmosphere. The subjects of investigation embrace: (a) the electric currents 
circulating within the Earth’s crust, (6) the Earth’s electric charge, and (c) the 
conducting properties of the atmosphere. Subject (a) at present is one of combined 
laboratory and observatory investigation. Subjects ( b ) and (c) together form the 
science termed “ atmospheric electricity.” It is only with regard to field observa- 
tions and results in the latter that the present report concerns itself. 

Professors J. Elster and H. Geitel, in their letter to the Carnegie Institution of 
Washington, dated Wolfenbuttel, Germany, January 26, 1902, made the following 
recommendations : 

With the earnest hope that this proposal may meet with your approval, we beg leave 
to suggest that it would be in full harmony with the proposed plan to combine with the 
organization of international magnetic work also the inauguration of observations pertaining 
to the electric condition of the Earth and of the atmosphere, even though this at present 
may be possible only to a limited extent. 

As the principal electric problems, we might name the determination of the strength 
of the Earth’s electric field and of the electric conductivity of the atmosphere (the so-called 
dissipation of electricity), and the investigation of earth-currents and the aurora. 

Since these matters have been investigated only within comparatively recent times, the 
methods of observation and of reduction and the theoretical utilization of the results are as 
yet very imperfect. Nevertheless, there is reason to hope that, even with the present 
means, relationships between the electric phenomena of the atmosphere and the Earth’s 
magnetic phenomena can be disclosed. 

At comparatively small cost for instrumental means and without adding very much 
to the work of the observer, it would be possible, in our opinion, to institute systematic 
measurements of the electric intensity of the Earth’s field and of the conductivity of the 
atmosphere at a few magnetic observatories as widely distributed as possible. A few years’ 
results at these places would then show whether it would be desirable to increase the 
number of stations or expand the work in other directions. 

Since their proposals were made, these eminent pioneer investigators in 
atmospheric electricity have unceasingly shown their interest and have rendered 
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much assistance in the organization of the work, both by advice and by personal 
help in the training of two of the first observers. 

Furthermore, during a special trip to Europe in the spring of 1905, the Direc- 
tor received most valuable aid and counsel regarding atmospheric-electric work 
from Professors von Bezold, Chree, Ebert, Mascart, Schuster, Shaw, Rucker, and 
Wiechert, as also again from Professors Elster and Geitel. 

The need in atmospheric electricity of a general series of accurate observations 
over as large a portion of the Earth’s surface as possible may perhaps have been 
first definitely set forth by the late Professor Rowland in his address before the 
Congress of Electricians, held at Paris, September 1881. A general electric survey 
of the ocean areas possesses peculiar advantages over that of land areas, not merely 
because of the greatly preponderating extent of area, but because of the freedom 
from the disturbing influences of topographic and cultural features. 

To reap the full benefit of this latter advantage, however, it is essential to 
eliminate as far as possible the disturbing influences caused by the vessel, itself, 
on which the observations are made. In brief, the difficulties to be overcome, both 
of an instrumental nature and of an observational nature, are such that it was not 
deemed wise to undertake atmospheric-electric work on the oceans until some of the 
problems of accurate ocean magnetic work had been solved. 

It may be recalled also that the types of instruments used in atmospheric- 
electric work ten years ago were the subject of frequent criticism and changes. 
Before an instrument had been completed by a European maker, it had been 
modified or superseded by some other instrument. Accordingly, it was not until 
the middle of the third and final cruise of the Galilee, namely, in August 1907, that 
our ocean measurements of the electrical elements of the atmosphere could be 
undertaken, and then only in a preliminary manner. The work was continued 
tentatively on the first and second cruises of the Carnegie, 1909-1913. 

When the laboratory (PL 21) of the Department of Terrestrial Magnetism at 
Washington was completed in 1914, the requisite facilities became available for 
experimental and theoretical studies of the various atmospheric-electric instruments 
and methods of observation. As the result, certain modifications in existing types 
of instruments could be made, and new types and methods devised, which will be 
described later. When, therefore, the Carnegie set out on her fourth cruise from 
New York in March 1915, the work in atmospheric electricity could be undertaken 
with greater hope of successful accomplishment than theretofore possible. 

The main observations and results for the various cruises, as based on the 
observers’ reports, are first set forth separately in the following pages. The results 
for the Carnegie’s fourth cruise will be found given in full; they have been compiled 
and discussed by W. F. G. Swann, who, in the computational work, has been assisted 
by S. J. Mauchly and D. M. Wise. The discussion includes a comparison of the 
results with land values, and with former ocean values obtained by the Department 
of Terrestrial Magnetism and others. In conclusion, special reference should be 
made to effective aid rendered by those whose names do not appear specifically 
elsewhere: J. A. Fleming, J. A. Widmer, and C. A. Kotterman. 
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OBSERVATIONS ON CRUISE III OF THE GALILEE, 1907-1908. 

(W. J. Peters in Command.) 

The observations included measurements of the potential-gradient, conductivity, and 
the radioactive deposit on a charged wire. They were made on the cruise of the Galilee 
from Sitka (Alaska) to Honolulu (Hawaiian Islands), Marshall Islands, Lyttelton (New Zea- 
land), Callao (Peru), and San Francisco, during the period August 12, 1907, to May 15, 
1908. The observer was P. H. Dike, who had been sent to Europe in 1906 by the Depart- 
ment of Terrestrial Magnetism to receive special training, for the proposed atmospheric- 
electric work, at Berlin and Potsdam, at Wolfenbuttel (under Professors Elster and Geitel) 
and at the University of Cambridge. The following extracts are taken from his report. 1 

The determination of the potential-gradient, after careful consideration of the condi- 
tions on board a sailing vessel, seemed quite impracticable, and no serious attempt was made 
to secure observations. The rolling of the ship, the flapping of the sails, and the varying 
positions of the yards and boom under various sailing conditions all contributed to make 
the problem of reducing observations of potential-gradient to a uniform basis too compli- 
cated to be undertaken in the initial work. On board a steamer the conditions would be 
less variable and it might be possible to reduce readings to values for undisturbed sea by 
means of simultaneous observations in port with the vessel at anchor and the second 
collector and electroscope mounted on a raft at some distance from the vessel. 

It was possible only once to secure potential observations at sea, viz, on December 7, 
1907, during a period of absolute calm, when even the long swell had almost died out, in 
latitude 22° 40' south and longitude 170° 36' east. A small skiff was put overboard, and 
the writer, assisted by Observer D. C. Sowers, rowed out about 100 yards from the ship. 
The Elster-and-Geitel flame collector was set up on its ebonite rod, at a height above sea- 
level estimated at 2 meters. Large, and extremely variable, potentials were obtained, 
varying rapidly from zero to potentials beyond the range of the electroscope. The mean 
value would be not far from 90 volts per meter. The conditions on this day were so 
abnormal that not much value can be assigned to the observations, though they encouraged 
the assumption that the potential-gradient over the sea is not so very different from that 
over the land. 

It was hoped to investigate the amount of radioactive material in the atmosphere 
by Elster and Geitel’s method. In this method a wire of definite length is charged to a 
potential of —2,500 volts and exposed to the atmosphere for a period of two hours, after 
which it is quickly coiled on a frame and introduced into an ionization chamber connected 
to an electroscope. If the ionization chamber and electroscope are of the proper capacity 
and dimensions, the activity is said to be unity when the initial fall in volts per hour per 
meter of wire introduced is unity. Owing, however, to breakage in the box of dry piles 
in transportation and the consequent failure of the means of maintaining a high potential 
on the charged wire, the radioactivity work was not satisfactory, as it was not found 
possible to reach a potential much above 1,000 volts, even with the box of dry piles opened 
to the hot sun. However, several exposures of a copper wire about 10 meters long were 
made during the first half of the voyage. In the neighborhood of land, as off the coast of 
Alaska and in Cook Strait, New Zealand, December 21, 1907, the observations showed 
conclusively the presence of radioactive emanation in the air, even with the low potential 
available for charging the wire. In Cook Strait a value for A (the “Aktivierungszahl” of 
Elster and Geitel) of 40 was found, the deposit decaying to half value in about 40 minutes. 
But in the open sea no increase in the rate of discharge of the electroscope used for testing 
the exposed wire could be detected. With a better charging device it might be possible to 
obtain some result, but it would probably be only a small fraction of that on or near land. 

~ *Seo Terr Mag , vol 13, pp 119-128, 1908 
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Rain-water, caught as it fell and immediately evaporated to dryness, showed no sign 
of radioactivity. The electroscope readings were always difficult, and not of sufficient 
accuracy to detect extremely small effects. The electroscope was always placed, so as to 
allow the leaves to swing in a plane parallel to the length of the ship, so as to eliminate the 
effect of rolling as far as possible, but the leaves were never quiet and their mean position 
had to be estimated. 

The only really satisfactory instrument for regular use on board ship was the Gerdien 
apparatus for determining the specific conductivity of the air. An Ebert ion-counter was 
also included in the outfit, but its leakage was too great and the time necessary for a single 
determination too long, so no results were obtained with it. 

The Gerdien conductivity apparatus was the same as used by J. E. Burbank in his 
work in Labrador during the eclipse of 1905. 1 A uniform current of air is drawn by means 
of a fan through a cylindrical condenser, the inner cylinder of which is connected with the 
leaves of an aluminum-leaf electroscope. The outer cylinder is 16 cm. in diameter and . 35 
cm. long, while the inner cylinder is 1.4 cm. in diameter and 24 cm. long. The capacity 
is 12.9 cm. The inner cylinder being charged to a known potential, read on the electro- 
scope, air is drawn through for a measured interval of time, usually 5 minutes. The ions 
of opposite sign to the charge on the cylinder will be attracted to it from the air passing by, 
and a certain portion of the charge will thus be dissipated. Only those ions will reach the 
inner cylinder which have sufficient velocity to carry them across the intervening space 
before they are carried by. The number of ions reaching the inner cylinder is practically 
independent of the velocity of the air-current so long as it is sufficient to prevent saturation 
currents from being established, and it is only necessary to insure that the velocity does not 
fall below a certain minimum value. Knowing the capacity and dimensions of the instru- 
ment and the time during which the air-current has been passing, the specific conductivity 
of the air can be computed from the potential of the inner cylinder at the beginning and the 
end of the exposure. 

The instrument was at first mounted on a ship gimbal-stand, which was placed on top 
of the forecastle, under the observing bridge for magnetic observations, and for one-half 
of the voyage the observations were made at that place. The location was, however, not 
satisfactory on account of the neighborhood of the galley smokestack, smoke from which 
often reached the instrument during calms or while sailing by the wind. Accordingly, on 
the cruise between New Zealand and Peru (on February 3, 1908) the gimbal stand was 
moved to the mam deck, just forward of the main hatch and still under the bridge. Here 
there was no further trouble from smoke. 

The measurements of the specific conductivities \ + and A_ for positive and negative 
ions gave as means 2 

\ + = 1.603 X10 -4 e.s.u. (from 258 observations) 

\_ = 1.433 X10 -4 e.s.u. (from 260 observations) 



The barometric pressure apparently affects the conductivity, as the mean values for 
\ + and for 34 days with the pressure below 762.0 mm. are 1.61 Xl0~ 4 e.s.u. and 
1.46 X10 -4 e.s.u. , respectively, while for 24 days with the pressure 762.0 mm. or above, the 
mean values for A + and are 1.52X10- 4 e.s.u. and 1.31X10' 4 e.s.u. respectively. High 
barometer apparently causes a decrease of conductivity. This may, however, be due to 
the fact that the low barometric readings were nearly all within the tropics, while the high 


1 See Terr Mag , vol 12, pp 97-104, 1907, for description of instrument 
2 The original report contains also the complete tables of the individual values 
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readings were in higher and lower latitudes, so that the effect may be regional rather than 
directly due to the pressure. 

It is of interest to note that the ratio ^ is considerably above unity. This condition 

A_ 

was found to hold pretty consistently, and in regions of steady winds and settled weather 
the ratio was almost invariably above unity. In view of the fact that no measurable 
amount of radioactive deposit could be collected on a negatively charged wire while out in 
the open sea, it seems impossible to explain the value of the ratio, as has been attempted, 
by ascribing the greater rate of dispersion of a negative charge to the ionizing effect of the 
deposit collected on the negatively charged inner cylinder. 1 

OBSERVATIONS ON CRUISE I OF THE CARNEGIE, 1909-1910. 

(W. J Peters in Command) 

Observations for specific conductivity and radioactive content of the atmosphere were 
taken on the portions of Cruise I of the Carnegie (see Rig. 15) from Falmouth to Madeira, 
Madeira to Bermuda, and Bermuda to New York. The extracts on pages 367-369 are 
taken from the report of the observer, Edward Kidson. 2 



Fig. 15 — Cruise I of the Carnegie, 1909-1910 


1 8ee Kurz, Dissertation zur Erlangung der Doktorwurde, Giessen, 1907 2 See Terr Mag , vol 15, pp 83-91, 1910 
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The conductivity observations were taken with the Gerdien conductivity apparatus 
described in P. H. Dike’s report on the third cruise of the Galilee, 1 and the apparatus, when 
in use, was placed on a gimbal stand amidships, between the after observatory and the 
mainmast. 2 

Observations of temperature and humidity by means of a psychrometer, and of the air 
pressure, wind, clouds, and state of the sea, were made during the experiments. Obser- 
vations for natural leakage were made at intervals ; this seemed usually to decrease to a very 
low value during the observations, and no correction for leakage was applied. 

The mean values of the conductivities X + and X_ for positive and negative ions, and of 

the ratio ^ are as follows: 3 

A— 

X+ = 1.85X10“ 4 e.s.u. (from 26 observations) 

X_ = 1.58X10 -4 e.s.u. (from 26 observations) 

=1.16 

X_ 

From the observations obtained, no connection could be established between atmos- 
pheric pressure, humidity, wind, or cloud, and the conductivity. When, however, there 
was a visible fog or haze the conductivity was greatly reduced. This was noticed in some 
preliminary practice experiments at Falmouth and in Long Island Sound. Rain squalls 
of short duration did not produce any effect. As the conductivity is an extremely variable 
quantity, a very large number of observations is required before the connection with 
meteorological conditions can be thoroughly investigated. One effect noticed was that a 
low conductivity was invariably obtained when the vessel was in the neighborhood of land. 
This effect was heightened in Long Island Sound by the state of the atmosphere, and 
probably by the presence of snow on the land and ice on some stretches of water. 

Another noticeable fact is the persistent excess of the positive conductivity over the 
negative. The only occasions on which the reverse appeared to be consistently the case 
were while the ship was at anchor off Madeira and in Hamilton Harbor, Bermuda. 



On December 18-19, 1909, continuous observations of the conductivity were taken 
over practically 24 hours, in order to discover, if possible, a diurnal variation. The day 
was exceedingly calm and fine, with a glassy sea with a smooth, low swell. The results 
obtained are shown in Figure 16, the ordinates representing conductivities in e.s.u. X10 -4 . 
The continuous line corresponds to X_, the broken line to X + , and each point corresponds 
to the mean of from 4 to 8 observations. It will be seen that the observations indicate 
values of the conductivities which are higher by night than by day. 


*See page 365 

,2 See description of the Carnegie, pages 160-163 and Plate 9, Pig. 2, Position E 
•The original report contains the complete tables of the individual values 
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Observations on the amount of radioactive material m the atmosphere were made by 
Elster and Geitel’s method. 1 Except on one occasion, the length of the collecting-wire 
was always 7 meters, and it was usually exposed for about 1 hour. While the collecting- 
wire was being exposed, the testing-electroscope was charged and the rate at which its 
potential fell noted, in order to measure the natural leak. The latter was almost invariably 
found to decrease with time, sometimes very regularly, and was generally nearly constant 
and wnn.11 by the time the radioactivity test was begun. After the wire was inserted, the 
electroscope deflections were read at frequent intervals and the fall of the potential with 
time thus obtained. The results were plotted on cross-section paper, the ordinates repre- 
senting potentials and the abscissae times. A smooth curve was drawn through the 
points thus plotted, and from this smoothed curve an activity curve was drawn, the ordinate 
at any point of which was proportional to the gradient of the first curve at the time repre- 
sented by the abscissa. The times were measured from the time of discharge of the wire. 

On days when a comparatively large quantity of deposit was collected and the condi- 
tions of observation were good, the curves obtained for the decay of the activity were fairly 
regular and similar in character. The deposit appears to be derived from radium emana- 
tion. Table 73 shows roughly the relative amounts of activity collected on different days. 
The activity is here measured by the fall of potential m volts, produced in the electroscope, 
by the deposit in 1 hour, starting 15 minutes after the discharge of the wire. The capac- 
ity of the electroscope was about 15 cm. 


Table 73 — Relative Amounts of Radioactivity on the Carnegie's First Ci wise 


Date 

Latitude 

Longitude 
E of Gr 

Time of 
Exposuie 

Activity 

Remarks 

1909 

Nov 

12 

0 

48 6 N 

o 

350 0 

40 mm 

40 

Length of wire = 16 meters 


14 

46 5 N 

345 7 

100 mm 

35 



20 

40 2 N 

342 1 

1 hr 

75 



22 

36 8 N 

343 5 

1 hr 

45 

Potential too low 

Dec 

3 

28 0 N 

341 0 

1 hr 

60 



8 

21 ON 

328 0 

1 hr 

45 



11 

20 8 N 

322 6 

30 mm 

trace only 



14 

20 5 N 

318 0 

1 hr 

20 



18 

20 ON 

312 0 

1 hr. 

5-10 



20 

19 8 N 

310 5 

1 hr 

j 35 



23 

19 9 N 

308 5 

1 hr. 

30 



26 

21 6 N 

305 2 

1 hr 

20 



29 

24 ON 

300 7 

1 hr 

trace only 


1910 






Jan. 

1 

25 7 N 

295 9 

5 hr 

55 



4 

28 5 N 

292 8 

10 hr 

30 



12 

Hamilton, 

, Bermuda 

15 hr 

85 


May 

14 

Washington, D C 

1 hr 

50 

A M 


16 

Washington, D C 

1 hr 

23 

P M 


On December 16, 1909, latitude 20?0 N, longitude 314°2 E, the wire was charged to 
a high positive potential for 1 hour, but no active matter appeared to have been collected. 

On January 1, 4, and 12, 1910, the charged wire was exposed for a long period, in order 
to detect if possible the presence of thorium products in the atmosphere. On January 1, 
after 5 hours, there appeared to be still left on the wire about 3 per cent of the activity 
exhibited 10 minutes after discharging. This effect, however, may have been due to an 
increase of the natural leakage which was liable to take place in the increased dampness 
after nightfall. Unfortunately no determination of the leakage could readily be made at 
the close of this experiment. On the other two days no sign of activity could be detected 
after a few hours. On January 12, 1910, the observations were taken in Hamilton Harbor, 
Bermuda, under good conditions, so that a very slight activity should have been detected. 


l See digest of P H Dike’s report on the third cruise of the Galilee, page 364 
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The evidence thus points to the absence of any considerable quantity of thorium emanation 
in the air over the ocean. 

It will be noticed that on several days, when the vessel was very far from land, very 
little activity was collected; particularly was this the case on December 11, 14, and 18, 
1909. The region in which this happened was a very calm one, and the air had probably 
not been in contact with the land for many days. It is thought, therefore, that the land is 
the chief source of the radioactive matter in sea-air. This is what would be expected from 
determinations of the radium content of sea-water. The fact that Dike in his observations 
on the Galilee in the Pacific could obtain no evidence of radioactivity, except near land, also 
points to this conclusion. The Pacific Ocean being so much greater in extent than the 
Atlantic, there should be much larger tracts over which the air had lost any radioactivity 
gained from the land. The absence of thorium emanation would tend to confirm this 

It is easy to understand that the air in the North Atlantic between Newfoundland and 
England may at tim es have all been over land surfaces within a week. This may account 
for the results obtained by Eve in this region. 1 Observations comparing the amounts of 
radioactivity over land and ocean are badly wanted. 


OBSERVATIONS ON CRUISE II OF THE CARNEGIE, 1910-1913. 

(W. J Peters in Command ) 

The second cruise of the Carnegie is shown by heavy lines on the accompanying map, 
Figure 17. The atmospheric-electric observations were made in continuance of theDirector s 
plan of scientific work for the Carnegie. The observers were: E. Kidson, H. F. Johnston, 
and C. W. Hewlett. The final reduction and discussion of the observations were made by 
C. W. Hewlett, under the direction of W. F. G Swann. The following extracts are taken 
from the former’s report; for the complete tables of observations, reference must be made 

to the original. 2 , „ , , , 

The atmospheric-electric work on the Carnegie’s second cruise was confined to observa- 
tions of the specific conductivity, the potential-gradient, and the radioactivity of the atmos- 
phere the greater part of the observations consisting of the first two quantities named. 
The observations are divided naturally into three principal groups, according to the 
observer who made them. From New York to Colombo, E. Kidson conducted the 
observations; for the route from Colombo to Manila, owing to breakage m the instruments 
and the impossibility of having the requisite repairs made, there are no observations; from 
Manila to Tahiti, H. F. Johnston conducted the observations, and from Tahiti to JNew 

York, the work was carried on by C. W. Hewlett. 

During the Carnegie’s visit to Talcahuano and Coronel Bay, Observer Hewlett had 
the opportunity of visiting the Instituto Central Meteoroldgico y Geofisico ae Chile and 
received from the Director, W. Knoche, much valuable counsel as regards atmospheric- 

electric measurements. , . rr . A 

For the potential-gradient measurements, which, however, are only relative, Kidson 

and Johnston used two radium-collectors, suspended on a bamboo pole, extending aft from 
the stern taffrail; in Hewlett’s observations ionium-collectors were employed. 

For the conductivity measurements the same Gerdien apparatus (see PI. 15, rig- 4) 
was used throughout the cruise, except that Kidson used a Lutz string electroscope, while 
Johnston and Hewlett made use of a Wiechert electroscope. All observations have been 
corrected for natural leak, and they were usually made in the forenoon, between 8 and 11 

For es tima tions of the radioactive content, the Elster-and-Geitel method was employed 
throughout the cruise. 


X A S Eve, Terr Mag , vol 14, p 25, 1909 


2 T f err Mag , vol 19, pp 127—170, 1914 
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The mean values of the total conductivity, the ratio of the positive to the negative 
conductivity, and the relative potential-gradients are given in Table 74. It is to be 
remarked that only on one occasion during the whole cruise was a negative potential-gradi- 
ent observed, although observations were made frequently while it was raining. Usually 
during rain the potential-gradient was very high, often exceeding the range which the 
electroscope would measure, but it was always positive. On the one occasion when a nega- 



Fig 17 — Cruise II of the Carnegie, 1910-1913 


tive potential-gradient was observed the sky was nearly covered with clouds, but there was 
no rain. Although the reduction factor for the potential-gradient was not measured on 
this cruise it is deemed safe to say that the observations indicate a mean potential-gradient 
of the order of magnitude of 120 volts per meter. The mean values of A + , A_, and \ + /A_, 
for the whole cruise are respectively 1.6lXlO~ 4 E.s.tr., 1.34X10 _4 e.s.tj., and 1.23. During 
the passage from F alm outh to New York, the observations of the radioactive content of 
the atmosphere formed a fairly complete set. The mean value for this cruise, of the 
activity, expressed in Elster-and-Geitel units, is 12.3, and the nature of the deposit on the 
wire was such that the activity decayed to half value in about 40 minutes. 

It has been attempted to discover any relations which may exist between the various 
atmospheric-electnc elements or between these and the various meteorological factors. As 
a rule, the relations which have been found agree with those which have been previously 
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known to exist on land. In most of the passages both the potential-gradient and X+/X- 
decrease with increase of the conductivity, and in the final mean this relation is shown very 
clearly. In the various portions of the passage from Tahiti to New York, large values of 
the conductivity correspond to small values of the relative humidity, and vice versa In 
the first half of the cruise, from New York to Tahiti, this relation is not clearly indicated 
m the separate portions, but it is revealed in the final means from New York to Colombo 
and from M anila to Tahiti. There is also a clear relation between the conductivity and 
temperature, increase of temperature corresponding to the increase in conductivity. 
Increase of the conductivity is accompanied by little change in the absolute humidity. It 
was thought that possibly solar radiations might in some way affect the conductivity at the 
surface of the Earth, so that the observations of the cloudiness of the sky were grouped 
according to the conductivities. There does not appear to be any relation here, however, 
so we may conclude that there are no radiations from above or without which are cut off 
by the presence of clouds and which affect the conductivity. Large values of the conduc- 
tivity seem to correspond to large values of atmospheric pressure, but the relation here is 
probably indirect in nature, as it is difficult to see how such small changes in the pressure 
could affect appreciably the rate of production, the rate of recombination, or the specific 
velocities of the ions. 


Table 74 — Mean Resulting Values for Cruise II of the Carnegie 



X++X- 

No of 

A, 

No of 

Relative 

No of 

Observer 

E'S U 

days 


days 

potential- 

days 


X10-* 

involved 

X— 

involved 

gradient 

involved 

Hewlett 

3 25 

202 

1 22 

202 

122 

186 

Kidson 

3 25 

61 

1 24 

61 

91 

25 

Johnston 

2 43 

70 

1 27 

70 

127 

54 

Results 

3 07 

333 

1 23 

333 

120 

265 


The large mean value of the conductivity found in this work, combined with the 
uncertainty which exis ts in regard to the dependence of the ionization of the atmosphere 
on its radioactivity, makes it interesting to consider the observations of the atmospheric 
conductivity from another standpoint. It has always been the custom to attribute a large 
part of the ionization of the atmosphere to the radioactive constituents diffused throughout 
it. The continual supply of these materials has been regarded as due to the diffusion of 
radioactive emanations into the atmosphere through the pores of the ground. Since the 
Pacific, Atlantic, and Indian Oceans are successively smaller in size, one would expect any 
effect on atmospheric phenomena, due to the land, to be successively greater in the three 
oceans, in the order named. It is therefore interesting to compare the mean values of the 
conductivity as found over these three oceans. Table 75 contains these data. 

Table 75 — Regarding the Conductivity Over the Various Oceans 


Ocean 

X-f-f-X— 
ESU X10- 

No of days 
observed 

Pacific 

2 49 

131 

Atlantic . 

3 51 

187 

Indian 

4 28 

15 


The influence of the land is markedly shown. The results of this table made it seem 
worth while to sort all the separate values of the conductivity into two groups, according 
to the nearness of land and the general direction of the wind which prevailed at the times 
of the separate observations. In one of these groups, which will be designated as land- 
wind,” have been placed all the values of the conductivity which correspond to winds 
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which had probably passed over large bodies of land within a week. In the other group, 
designated "sea-wind,” have been placed the remaining values of the conductivity which 
correspond to winds which had probably been blowing for a week or more over water. 
The sorting out was done independently by two persons, and Table 76 contains a summary of 
this an'alysis. One very large value of the conductivity has been omitted in this calculation. 

Table 76 — Effect of Land on the Conductivity at Sea 


Group 

X++X- 

ESTJ.X10- 4 

No of days 
involved 

Land wind | ^ 
Sea wind | ^ 

3 17 

3 11 

2 92 

2 94 

124 

129 

208 

203 


The summaries in both Tables 75 and 76 support A. Nippoldt’s view, 1 as based upon 
the Galilee observations in the Pacific Ocean in 1907-08, that the effect of the land is to 
increase the value of the conductivity as measured at sea. 

Prom a summary of the various results thus far obtained at sea, the following deduc- 
tions in regard to the mean values of the elements may be drawn : The potential-gradient 
is of the same order of magnitude over the sea as over the land; the radioactivity of the air 
over ocean areas far removed from land is small compared to that found over land, and the 
conductivity over the ocean is at least as large as that found over land. 

OBSERVATIONS ON CRUISE III OF THE CARNEGIE, 1914. 

(J P Ault in Command ) 

The general course followed by the Carnegie during her third cruise is shown in 
Pigure 18. The vessel left Brooklyn on June 8, 1914, arriving at Hammerfest on July 3. 
Sailing again from Hammerfest on July 25, she arrived at Reykjavik, Iceland, on August 24, 
having reached the latitude of 79° 52' north, off the northwest coast of Spitzbergen. 
Leaving Reykjavik on September 15, the Carnegie arrived at Greenport on October 12, 
returning to Brooklyn on October 21, 1914. 

The atmospheric-electric observations, which were made by Observer H. F. Johnston, 
comprise measurements of the potential-gradient, conductivity, and radioactive content 
of the atmosphere. In addition to these, a few observations were made in Long Island 
Sound by W. F. G. Swann, for the purpose of trying out certain new instruments and 
methods with a view to their adoption in subsequent ocean work. The following are 
extracts from W.F.G. Swann’s report on the atmospheric-electric observations of the whole 
cruise. For the complete tables of observations, reference must be made to the original. 2 

As the first portion of the report contains a discussion of certain instrumental errors 
and corrections which will again be referred to in the account of the work on the next 
cruise, this portion of the report will not be abstracted here. The atmospheric-electric 
observations were always taken about the same time of day, between 9 a. m. and 12 noon. 

Measurements of the potential-gradient were made by means of an ionium-collector 
suspended at the end of a bamboo pole which extended aft from the stern taffrail, and the 
standardization of the potential-gradient apparatus was made by simultaneous ship-and- 
shore observations on two occasions, the first at Reykjavik and the second at Gardiners 
Bay. In the shore observations a method due to Simpson was employed, in which the ionium- 
collector was fastened to the middle of a long wire stretched horizontally between two 
poles. 


l Terr Mag , vol 17, pages 33-41, 1912 


2 Terr Mag , vol 20, pp 13-48, 1915 
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The conductivity observations were made with Gerdien’s instrument, the electroscope 
being of the Wulf b ifilar type. The radioactive content was measured by Elster-and- 
Geitel’s method, with certain modifications devised with a view to rendering the results 
more susceptible of theoretical interpretation. 1 

In addition to the above, measurements of the ionic densities n + and n_, for positive 
and negative ions, were made in Long Island Sound by means of the special form of ion- 

counter devised by W. F. G. Swann. 2 _ . . 

The average value of the potential-gradient, atmospheric conductivity, and radio- 
active content for the whole cruise were, respectively, 93 volts per meter, 2.52 X 10 4 e.s.et., 
and 23. The last number is expressed in Elster-and-Geitel units. The average value of 
the air-earth current-density for the whole cruise was 7.7 XlO -7 e.s.tj. 
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Fig. 18 —Cruise III of the Carnegie, 1914. 


The observations, as far as they go, indicate a general increase of the potential-gradient 
from s umm er to winter, which is in accord with land observations for the daily mean 
values. The conductivity also shows a general increase from the beginning of the cruise 
(June 8, 1914) to about the end of September, when a maximum occurs, after which the 
conductivity falls; the air-earth current-density follows the general course of the conduc- 
tivity. No very definite conclusions result as to the seasonal variations of the radioactive 
content, though the observati ons are not inconsistent with those of Simpson in Lapland, in 

x See W F G Swann, Terr Mag , vol 19, pp 176-179, 1914 2 See pages 387-389 
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indicating a higher active content in winter than in summer. Table 77 shows the mean 
values of the various elements arranged according to the period as given in the first column, 
X + and X_ referring, respectively, to the conductivities for positive and negative ions. The 
quantity ij in the last column is proportional to the radioactive content of the atmosphere. 

No marked variation of the atmospheric-electric elements with temperature or 
humidity was found; however, an indication is shown of a variation of the conductivity 
with latitude, a maximum for the latitudes involved occurring in the neighborhood of 50° 
north. These conclusions with regard to the variation of the elements with season, latitude, 
etc., must be looked upon as tentative, owing to the small number of data involved. A 
comparison has been made of the mean values of the conductivity for the several sections 
of the cruise, with the values to be expected as a result of the measured radioactive content. 


Table 77 — Atmospheric-Electric Elements Grouped According to Period of Year 


Period, 1914 

\ + +\. 

ESTJ X10-* 

A_ 

Pot grad 
volt/m 

Air-earth 

current-density 

ESUX10” 7 

17 x 10 — 2 

June 13- June 23 

2 24 

1 21 

75 

5 6 

62 

June 23-June 30 

2 43 

1 12 

90 

6 8 

109 

July 27-Aug 11 

2 38 

1 21 

79 

5 3 

89 

Aug 12-Aug 21 

2 99 

1 25 

104 

10 5 

65 

Sept 15-Sept 28 

3 35 

1 19 

103 

11 5 

166 

Sept 29-Oct 7 

2 59 

1 22 

112 

8 1 

306 


The results are given in Table 78. They have been calculated by reducing the measured 
radioactive content to Elster-and-Geitel umts and then making use of an empirical relation 
obtained by Kurz for the rate of production of ions per cubic centimeter corresponding to 1 
Elster-and-Geitel unit. In the table, q represents the rate of production of ions per cubic 
centimeter owing to the radioactive material, and the number of ions (n) per cubic centi- 
meter of either sign has been calculated from the expression n 2 = q/ a, where a is the coeffi- 
cient of recombination of the ions and is taken as 2.5 X 10~ 6 . The conductivity is taken as 
2 nev, v being the specific velocity of the ions. The value of v has been taken as 1.3 cm. per 
second per volt per centimeter for each sign of ions. 1 


Table 78. — Effect of Radioactive Material m Determining Ionization and Conductivity 


Passage 

Q 

n+H-n- 

X+4-X- 

Observed 

Calculated 

Observed 

ESUX10- 4 

Calculated 
ESC XI0- 4 

New York to Hammerfest 

0 41 



2 09 

1 51 

Hammerfest to Iceland 

0 39 



2 69 

1 47 

Iceland to Greenport 

1 10 



2 77 

2 49 

Long Island Sound, Oct 19, 1914 

1 64 

923 

1630 



Long Island Sound, Oct 21, 1914 

1 08 

434 

1320 




In the observations in Long Island Sound, n was measured directly for each kind of 
ion, and so it became possible there to compare the measured value of n + +n_ with the 
calculated 2 n without introducing the specific velocity of the ions. In the above calculated 

••■There is a good deal of uncertainty as to the value which should be taken for a In the original report the value 1 56 X 1 0” 6 , 
as quoted for laboratory experiments, was used Measurements on atmospheric ions have given varied results for a, 
some values ranging as high as 3.0X10” 6 In the general discussion of the results which forms part of the report on the 
Carnegie* 8 iowcth, cruise, the value 2 5X10” 6 has been tentatively adopted Again, the results of the fourth cruise indicate, 
for the ocean, a value of v about 1 3 cm per second per volt per centimeter mstead of the value 1 6 which was tentatively 
used in the report on the third cruise The empirical relation obtained by Kurz has also suffered corrections at the hands of 
Kohlrausch and others (see page 416). For the sake of uniformity in relation to the discussion of the Carnegie* s fourth 
cruise, those numbers in Table 78 which depend upon theoretical constants have been recalculated m the light of the above 
considerations 
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values the effect of the penetrating radiation from the active material in the sea has been 
neglected ; this effect is very small, however. It will be seen that while in the Atlantic Ocean 
the radioactive material is sufficient to account for an appreciable fraction of the conduc- 
tivity, it is, on the basis of the constants used, insufficient to account for all of it. It must 
further be borne in mind that in so far as many of the ions produced by the radioactive 
material in the air undoubtedly go into the type of the slowly moving Langevm ions, the 
calculated conductivity should be even smaller, it is probably for this reason that the 
calculated values of n + +n_ for the Long Island Sound observations come out greater than 


the observed values. . , . . . , , , 

It is natural to expect a smaller radioactive content m the case of air which has been 
for some time over the ocean than in the case of air which has passed recently over land. 
If then making use of the wind records, we divide the days into two classes as regards the 
probable time which has elapsed since the wind last traveled over land, we should expect a 
higher radioactive content m the cases in which the wind has recently traveled over land 
than in the others. The conclusion is borne out in 8 of 9 cases during the voyage from New 
York to Hammerfest, and in the greater number of cases in the voyage from Iceland to 
Greenport. No very d efini te conclusion in this respect emerges from a consideration of the 
results of the voyage from Hammerfest to Iceland; but the winds on the voyage were 
usually of a very small velocity, and it is consequently difficult to form much idea as to the 
probable course which the air had pursued in the days preceding any one for which the 


strength is recorded. . , , . , 

In some eases, the conductivity appears to undergo an interesting change as. one 
passes from the American shore out into the open sea. The conductivity starts consider- 
ably below its normal value, but increases again as one gets out into the open sea, a result 
observed also by E. Kidson 1 on the first cruise of the Carnegie. The values of the con- 
ductivity were particularly low m Long Island Sound. , . 

Since both the conductivity and ionic content were measured m the Sound, it was 
possible here to deduce the specific ionic velocities, v+ and v_, for positive and negative ions. 
The mean values of v + and v_ so found are respectively 0.77 and 0.83 cm. per second per 
volt per centimeter. These values are somewhat, below normal, a result which is in har- 
mony with the low values of the conductivity in indicating abnormal conditions in the region 

of transition between sea and land. . , , , 

The latter portion of the report is devoted to a mathematical discussion ol the possi- 
bility of determining the nature and amount of active material in the atmosphere from an 
analysis of the decay curves for the active wire. It appears that the customary method o 
drawing conclusions as to the nature of the products in the atmosphere by comparing the 
decay curves for a wire exposed thereto with that of a wire exposed to emanation con- 
tained in a small closed vessel, is not justified. The activity curves are analyzed m the 
report use being made of the theory of radioactive disintegration, and it is found that 
while some of the curves can be explained by radium emanation alone, others require the 
presence of a product of longer decay period than radium A, B, or C. The possibility of 
this extra product being a product of thorium emanation, as is generally assumed to be the 

case on land, is discussed. T 

An attempt to calculate the actual amount of radium emanation in the air directly 
from the theory of the Elster-and-Geitel method, without assuming any empirical relation, 
results in a much smaller value for the emanation content than that given by the empirical 
relation, unless it is assumed that the average specific velocities of the active earners are 
much smaller than is generally supposed. 

1 See page 367. 
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OBSERVATIONS ON CRUISE IV OF THE CARNEGIE, 1915-1916. 

(J P. Atilt in Command ) 

The Carnegie started from Brooklyn on her fourth cruise March 6, 1915, stopping first 
at Gardiners Bay until March 9, to make her usual “ swing observations, ” and arriving at 
Colon, Panama, on March 24, 1915. She next passed through the Panama Canal; leaving 
Balboa April 12, she sailed for Honolulu, arriving there May 21, 1915. She left Honolulu 
on July 3, and arrived at Dutch Harbor, Alaska, on July 20, from which port she sailed on 
August 4 for Port Lyttelton, New Zealand, arriving there November 2. Leaving Lyttelton 
December 6, 1915, a circumnavigation was made of the region between the parallels 50° 
and 60° south, the Carnegie returning to Port Lyttelton on April 1, 1916. On May 17, 1916, 
she again left Port Lyttelton bound for Samoa, Guam, and San Francisco. The cruise up 
to April 1, 1916, is shown in Figure 19. 



Fig. 19 — Cruise IV of the Carnegie, 1915-1916 (April) 


On the completion of the work of Cruise III it was felt, as a result of the experience 
gained, that the time had come when a more ambitious program of atmospheric-electric 
work could be undertaken with hope of success, and to this end the atmospheric-electric 
equipment was considerably increased. Also, a special atmospheric-electric house was 
built aboard the vessel for the more permanent installation of the instruments. 
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The design of the methods of measurement and the organization of the scheme of pro- 
cedure in the atmospheric-electric work were initiated by W. F. G. Swann. In the work 
connected with the installation of the instruments aboard, and in the experimental work 
prior thereto, he was assisted by S. J. Mauchly and H. F. Johnston, the observer to whom 
had been assigned the atmospheric-electric work on the cruise. Swann and Mauchly 
accompanied the vessel from Brooklyn as far as Gardiners Bay, in order to complete the 
installations and tests of the new instruments. Mauchly continued with the Carnegie 
as far as Balboa to complete the remaining adjustments found necessary. 

The observations from New York to Colon were made by Mauchly and Johnston. 
From Balboa (April 12, 1915) until the return of the vessel to Lyttelton, New Zealand, on 
April 1, 1916, after her sub-Antarctic circumnavigation cruise, they were made by Observers 
H. F. Johnston and I. A. Luke, and at the present time Observers B. Jones and I. A. Luke 
are carrying on the work. 

The following account by Swann contains a description of the instruments and methods 
employed in the atmospheric-electric work, and a compilation and discussion of the data 
submitted in the reports of Mauchly and Johnston through March 1916. 

ATMOSPHERIC-ELECTRIC QUANTITIES MEASURED. 

In the choice of quantities to be recorded in any extensive series of atmospheric-electric 
measurements on the ocean, we must be guided by two main considerations. In the first 
place, the quantities should be such that, taken together, they form as complete a whole as 
possible. If we wish to discuss the variation of some quantity, such for example as the 
atmospheric conductivity, throughout the day, in order to compare the results with land 
values, it is desirable that we shall not omit to measure any quantity which we know to 
be a controlling factor in the determination of this element. Secondly, it is necessary that 
the quantities measured shall be such as can be obtained by apparatus which is adaptable to 
ocean conditions. 

The atmospheric-electric quantities at present measured on the Carnegie are the 
following: 

(1) The potential-gradient X. 

(2) The conductivities (X + and X_) arising from the positive and negative ions. 

(3) The numbers (n+ and n_) of positive and negative ions per cubic centimeter. 

(4) The n umb er of pairs of ions produced per cubic centimeter per second in a closed 
vessel (the penetrating radiation). 

(5) The radioactive content of the atmosphere. 

(6) The radioactive content of the sea-water. 

The meteorological observations which are made are: pressure, temperature, humid- 
ity, extent and nature of clouds, and strength of wind and its direction. 

The diurnal variations of the potential-gradient, ionic-content, and penetrating radia- 
tion are also under investigation. 

The conductivities are related to the numbers of ions per cubic centimeter by the 
expressions \ + =n+ev+, and X_ = where e is the electronic charge, and and v_ are 

the velocities under unit field, of the positive and negative ions respectively. Since 
\ + /n + e = v + and X _/n_e = i>_, measurements of X + and X_, n + and n_ lead directly to the 
determinations of v + and 

The simultaneous measurement of conductivity and potential-gradient enables us to 
calculate, if we wish, the value of the vertical conduction current-density, which is 

i=(X++X_)X 

The primary interest attaching to the measurements of the radioactive content and of 
the n umb er of pairs of ions produced per cubic centimeter inside a closed vessel lies in the 
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fact that it is to the radioactive material in the atmosphere and to the cause which is respon- 
sible for the production of ions in a closed vessel (the so-called penetrating radiation) that we 
must look mainly for an explanation of the normal atmospheric ionization. A further inter- 
est attaching to the measurements of the number of pairs of ions produced in a closed vessel 
arises from the fact that the formation of such ions has always been more or less a mystery, 
which, in the case of land observations, is in part to be explained by the y-ray radiation from 
the radioactive materials in the soil, a cause which has very little counterpart over the 
ocean. 

In one sense, atmospheric-electric observations over the ocean are susceptible of a more 
uniform interpretation than is the case with those taken on land, for at sea we are not 
troubled with topographical features which vary from place to place. 

INSTRUMENTAL APPLIANCES. 

Among the chief difficulties associated with atmospheric-electric work at sea is that of 
overcoming the effect, on the instruments, of the motion of the ship, and of securing good 
insulation. One is practically debarred from the use of instruments of the quadrant type 
and is forced to confine himself to electroscopes. The electroscopes in use on the Carnegie 
are of two types, the bifilar electroscope designed by Wulf, 1 and the single-fiber electroscope 
of Einthoven, modified according to the Wulf pattern. 2 In each of these instruments the 
restormg force, which resists the motion of the fibers or fiber under the action of the 
electrical forces, is brought about by the tension of a quartz bow, so that the indications 
of the instruments are affected to a comparatively small extent by the motion of the ship. 

It will be recalled that in the bifilar instrument the gold leaves of the older forms of 
electroscope are replaced by platinized quartz fibers. The fibers are soldered at then- 
upper ends to the main terminal of the instrument and at their lower ends to the mid-point 
of a quartz bow whose ends are fixed to a frame. When the fibers are charged they repel 
each other, and the resulting motion, which can be read by a microscope with a scale in the 
eyepiece, is resisted by the quartz bow. This type of instrument is useful where a sensi- 
tivity in the neighborhood of 0.5 division per volt is required. Further, the case of the 
instrument is double, and the inner part is insulated, so that by raising or lowering its 
potential, by means of batteries, the readings of the electroscope can always be brought to 
the most uniform part of the scale. The subsidiary case has an additional advantage in 
enabling the electroscope to be used for any desired range of potential. 

In the single-fiber electroscope, a single platinized quartz fiber is attached at its lower 
end to a quartz bow and at its upper end to the main terminal of the instrument. Two 
insula ted metal plates are mounted with their planes parallel to each other and to the 
quartz fiber, one plate being mounted on each side of the fiber. The case of the instrument 
being earthed, these plates may be charged to say + 100 volts and — 100 volts respectively, 
or to any convenient am ount, by means of constant batteries, and charges communicated 
to the fiber will then cause a deflection. The deflection for a given potential applied to the 
fiber increases with the field between the plates and with diminution of tension on the fiber, 
which latter may be varied by moving the bow support up and down by means of a suitable 
screw. In the laboratory it is not difficult to secure a sensitivity of 100 or more eyepiece 
divisions per volt, but on board ship a sensitivity of from 5 to 10 divisions per volt is 
found more desirable. 

For the batteries which determine the potentials of the plates of the Einthoven instru- 
ment, small groups of cadmium cells (Kruger batteries) are generally recommended. 
Unfortunately these batteries are liable to show sudden fluctuations in voltage, which, 
though of small amount, are sufficient to cause erratic movements of the fiber of the electro- 
scope. The resistance of a 100-volt Kruger battery is very high, about 100,000 ohms, and 


1 Phyi. Znt., vol 8, pp 246 and 627, 1907. 


*Phy» Znt , vol. 15, pp. 250-254, 1914. 
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consequently insulation is a much, more important factor than is the case with low-resistance 
batteries. Thus, for example, if the terminals of such a Kruger battery are joined through 
a resistance as high as 10 s ohms, the potential is lowered by 0.1 volt. While it should be 
possible to construct batteries of this type to give a very high degree of constancy, those at 
present supplied are apt to be defective. For many purposes, e.g., maintaining the potential 
of the needle in a Dolezalek electrometer, they are excellent, but in an instrument which 
responds to momentary fluctuations of small amount they do not appear to be very satis- 
factory, except under the very best conditions of internal and external insulation. For 
this reason small batteries of dry cells of low resistance have been used. These can be 
bought conveniently in 100- volt units, but those in use on the Carnegie have all been made 
up specially, an d are free from fluctuations of the kind cited. Of course, the essential 
requirement in the use of the Einthoven electroscope is that if the potentials of the plates 
fluctuate they shall do so by equal and opposite amounts. The employment of a battery of 
reasonably low resistance enables us still further to meet this requirement by connecting 
the battery and the two plates to the two ends of a megohm, the mid-point of which is 
earthed. In this way it has been found possible in the laboratory to work with the instru- 
ment sensitive to 1,000 divisions per volt. . , 

Since good insulation is essential to such measurements as are here discussed, it is 
desirable that those parts of the apparatus which contain the insulating materials shall be 
well protected. To this end a small observing-house has been erected on the Carnegie. 
In this observatory the greater part of the apparatus is mounted in such a way that the 
electroscopes, batteries, and other parts which require good insulation are permanently 
inside, and as an additional precaution the essential parts are protected by drying-bulbs. 
Only those portions of the apparatus which must be exposed to the open are so exposed; 
these pass through holes in the roof of the observmg-house, and are protected by suitable 
covers when the apparatus is not in use. One of the chief advantages attending this 
arrangement lies in the fact that, in so far as the temperature of the inside of the house 
is always above the dew-point of the air outside, condensation on the insulating parts is less 
likely to occur than if the apparatus were exposed to the open air. This point is of con- 
siderable importance, especially in observations taken towards evening, for, if the apparatus 
is exposed on the open deck, it frequently becomes so wet that observations are impossible. 

Another point in favor of the observmg-house lies in the fact tha,t it results in a great 
economy in time. The instruments and the various appurtenances incidental to their use 
are left permanently connected up, so that when the observer desires to start observations, 
he has only to remove the covers and commence work. The principle of reducing to a 
minimum the time wasted in setting up apparatus before each set of measurements has been 
adhered to throughout. In this way it has become possible for one observer, with a little 
assistance from another, to obtain within a period of 2§ hours the meteorological data and 
observations of all the quantities from 1 to 5, page 377, including the determination of leakage 
corrections and the standardization of the various electroscope systems. As will be seen 
from a glan ce at the tabulated results in Tables 79-83, it has been possible to obtain complete 
sets of observations on almost every day, some of the sets being obtained when the ship was 
rolling through an angle as large as 30°. Further, it is particularly gratifying to notice 
that, even in the case of the sub-Antarctic cruise, Table 83, where precipitation of some 
kind or other was recorded on 100 out of 115 days, the table of observations is almost 
complete. Pictures of the atmospheric-electric house are shown in Plate 22, Figures 1 and 2. 
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POTENTIAL-GRADIENT. 


In former work on the ocean, the potential-gradient has almost invariably been meas- 
ured by some method such as the following: A bamboo pole extends from the stern rail of 
the ship and carries at its end a metal plate which is insulated and covered with some form of 
radioactive material, usually ionium. Under these conditions, the air in the vicinity of 
the plate is rendered conducting, and the plate itself takes up the potential of this air as 
determined by the electrical field of the Earth modified by the presence of the ship, bamboo 
pole, etc. An electroscope serves to measure the difference of potential between the ship 
and the disk, or collector as it is called, and this quantity is proportional to the potential- 
gradient. In order to obtain absolute values, it is necessary to secure simultaneous ship 
and shore observations, the latter being made over a flat surface by some apparatus which 
does not itself distort the field, and which measures the true potential-gradient. 

The chief disadvantage associated with the use of a collector lies in the slowness of its 
' action, which necessitates very perfect insulation if accurate results are to be obtained. 
Thus an ionium collector may require something of the order of two minutes to attain a 
potential within 1 volt of its final steady potential. It will be obvious that since in the 
final state there is a difference of potential of the order of 200 or 300 volts between the 
collector and the earthed bamboo pole, the final potential of the collector can not have its 
proper value unless the insulation is perfect. It will have a value somewhere between zero 
and the proper value, and determined by the fact that the current of electricity flowing 
from the collector to earth over the leaking insulation is equal to the current which is able 
to flow from the air to the collector, due to the latter being at a potential below its proper 
amount. A simple calculation will show that even the electrical dispersion from the wire 
leading to the collector is sufficient to maintain the potential below its proper value by an 
appreciable amount. Thus to consider an example, suppose 7 represents the amount by 
which the collector differs from the potential which it would finally attain in the absence of 
leakage due to dispersion or other causes. If c is the capacity of the insulated system, and 
Vo the value of 7 when the collector is earthed, then in the absence of leakage, 


where h is a constant. Hence 



= kV 


V=Voe~T 


( 1 ) 


If, in the absence of leakage, the collector takes 1 minute to attain a potential within 
Fo/100 of its final value, we find from (1), fc/ c = 0.08. 

Thus, if, owing to the dispersion, the maximum potential differs by 57 from its proper 
value, the quantity of electricity coming to the wire per second is &57 = 0.08c57. If 57 
were zero there would be no surface density of charge on that portion of the wire leading 
to the collector, which was near the collector, but the surface density would not be zero on 
portions of the wire remote from the collector. If C is the capacity of the wire and we write 
CV 0 /2 as the total charge on the wire, we shall probably underestimate it. In this case, the 
rate of supply of electricity to the wire by dispersion would be 1 4ttCV 0 \+/2. Hence 

O.O8c57=2tC7 0 A + 

Putting X+=10 -4 , and observing that C/c would not be far from unity unless the electro- 
scope had a considerable capacity, we find that, in the steady state, 57 forms about 1 per 
cent of 7 0 . Thus if 7 0 were 200 volts there would, in the case cited, be an error of 2 volts. 
It is true that this is not very much, but remembering that it is accounted for by the mere 
dispersion from the wire, we see how seriously the results would be affected by faulty insu- 
lation. 


x See W F. G Swann, Terr . Mag , vol 19, pp 81-84, 1914. 


Atmospheric-Electric Observations, 1915-16 


381 


Another disadvantage attending the use of any form of collector shows itself from a 
consideration of the fact that since the electric force near the stern of a ship is a function 
not only of the electric force in the open, but of the configuration of that surface which is 
bounded by the sea and the stern of the ship, the force must be a quantity which fluctuates 
continually as that configuration changes, due to the rolling and pitching of the vessel. 
In order that potential-gradient measurements shall have a definite meaning, it is therefore 
desirable that they shall always be taken at one position of the tilt of the ship. 

The apparatus devised for observations on the Carnegie was designed with a view to 
overcome the above objections A picture of it is shown in Plate 22, Figure 4, and the 
principle of its action will be clear from Figure 20. The instrument is a modification of an 
earlier one 1 designed for preliminary use on the third cruise of the Carnegie. It comprises 
a brass tube A fixed at one end to an axle so that it can rotate in a plane containing the 
fore-and-aft line of the ship. The axle is mounted on supports fixed to the stern rail of the 
ship, and the projecting end of the brass tube carries a gauze disk B made somewhat in the 
form of a parasol. The handle C by which the rotation is brought about is insulated 
from the axle, and the latter is itself insulated from Earth by causing it to work in brass 
tubes fixed into their supports with 
sulphur insulation. The axle is con- 
nected by a thin wire to a Wulf bifilar 
electroscope D, the wire and axle being 
in the same line. It is arranged that 
when the brass tube is approximately 
vertical and the parasol attachment 
downward, the electroscope system is 
earthed. On rotating the tube to some 
other position fixed by a stop, a deflec- 
tion proportional to the potential-gra- 
dient is obtained in the electroscope. 

Insulation difficulties are entirely over- 
come, since the leak occurring during 
the turning of the handle from one 
position to another is negligible, fur- 
ther, the operation can be performed so quickly that a reading can be obtained at any 
desired position of tilt of the ship. The sensitivity is considerable, and it is easy to 
arrange so that, for the normal value of the potential-gradient, deflections amounting to 
the whole scale length are obtained. 

Although the prmciple of the apparatus is such that a high degree of insulation is not 
essential, the sulphur supports for the axle were provided with caps holding attachments for 
drying material. It has, however, not been found necessary to use any drying material,; 
and indeed, during the whole period in which the apparatus has been in use on Cruise 
IV, hardly any occasion has been recorded in which insulation trouble was experienced 
with this instrument, although observations were frequently taken under conditions of 
great dampness. The arrangements are such that the parasol attachment can be fixed in 
position or removed in a moment, and this is the only part of the apparatus which is taken 
away when the observations are completed. The axle and electroscope system remain in 
position and are covered with a suitable cover. Two leads from a battery stored in a room 
some distance away come up to the base of the instrument, and enable a potential to be 
applied to the subsidiary case of the Wulf electroscope, so that the range of the instrument 
may be adjusted to suit special conditions. This arrangement also enables the sign of the 
potential-gradient to be determined by noting the direction of movement of the deflected 
fibers when a small potential of known sign is applied to the subsidiary case. 

!See W F G Swann, Terr Mag , vol 19, pp 182-XS5, 1914 
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It is, of course, necessary to determine the reduction factor by which the indications 
of the instrument must be multiplied in order to reduce them to the corresponding values 
of the potential-gradient over a flat surface. In order to simplify matters, it is. always 
arranged that, as for as the essentials which affect the potential-gradient observations are 
concerned, the configuration of the sails during observations is one of three specified types. 
One of the chief requirements for the determination of the reduction factor is that of obtain- 
ing a flat stretch of land, and in this matter careful judgment is necessary. It is essential 
to bear in mind that flatness of the ground in the immediate vicinity of the apparatus is not 
sufficient to prevent distortion of the field by distant topographical irregularities of large 
size. Thus, to give an example which will illustrate the general nature of the considerations 
involved, suppose the apparatus is situated between two parallel mountain ridges of semi- 
circular cross-section. It can readily be shown that, if the mountain ridges are sufficiently 
far from each other, each acts as a linear doublet of moment M=%Xa? per unit length, 
where X is the electric field and a the radius of the semicircle. At a point midway between 
the ridges the alteration in the field due to the ridges would amount to 2(2 M/ r 2 ) =2Xa 2 /r, 
where r is the distance from the center of one ridge to the point of observation. Hence, to 
consider a somewhat drastic case, if the tangent of the angle subtended by the top of the 
ridge were 0.2, there would be an error of 8 per cent in the measured potential-gradient. 
The error would obviously be the same for two ridges, each 1 mile high and 5 miles distant, 
as for two ridges 1 foot high and 5 feet distant. _ . 

For the actual shore observations it is desirable to choose a piece of ground which is 
practically on a level with the surface of the sea, and is free from trees. In the method 1 
which has been used for the shore observations, a wire several meters long is suspended 
horizontally from two posts by suitable insulators, and a collector is attached, to its center. 
The wire is co nn ected to an electroscope at one end and simultaneous readings are then 
taken with this apparatus and with the apparatus on the ship. . Since the wire which 
supports the collector lies in a horizontal plane, it does not acquire any charge, and so 
does not disturb the field; and for the same reason it does not contribute to leakage through 

atmospheric dispersion. . , , , , , . , , 

One of the chief sources of uncertainty in the determinations of the reduction factors 
arises from the fact that it is usually impossible to get the ship nearer to the shore station 
than half a mile ; and it appears that if clouds are at all prominent, the ratio of the potential- 
gradients on ship and on shore is by no means constant. For this reason it is felt that the 
reduction factors should be measured as often as possible when favorable opportunities 
arise, so that by taking the mean factors obtained under different conditions, and in 
different localities, the importance of unknown irregularities will be reduced. 

The daily observations of the potential-gradient are taken over periods of about half 
an hour, and, as far as possible, are arranged to extend over the middle period of the 
determination of the ionic content and conductivity. The example on page 397 illustrates 
the method of recording the observations. 

CONDUCTIVITY. 

In the measurement of each of the elements, conductivity, ionic content, penetrating 
radiation, and radioactive content, there is involved, in some part of the work, a determina- 
tion of the rate of loss of charge by some insulated system connected to an electroscope, and 
usually several determinations of the quantity have to be made. It is customary in such 
cases to read the indications of the electroscope at equal intervals of time, and then deduce 
the desired results by making use of a calibration curve. This method has certain dis- 
advantages; one h as either to rely on the constancy of the calibration curve, a procedure 

x See G C Simpson and C S Wright, Proc R Soc A, vol. 85, p 182, 1911 
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Atmospheric-Electric Equipment for the Carnegie, 1915-1916 
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not very desirable in the case of the Einthoven electroscope, or he must make a fresh cali- 
bration curve each day. Again, the computational work involved in the construction and 
use of such curves is considerable when much work has to be done. For these reasons the 
general principle has been adopted of always noting the time taken by the fiber of the 
electroscope in passing between two fixed readings on the scale of the electroscope. The 
electroscope system is in each case connected to a potentiometer system used in connection 
with a voltmeter, so that the electroscopes may be charged to any desired potential. On the 
completion of the mam observations the fixed readings referred to are reproduced, by charg- 
ing the electroscope with the potentiometer, and the corresponding readings m volts are 
read off from the voltmeter. This throws the constancy of indications on the voltmeter, an 
instrument which, both as regards the stage of its development and the nature of its 



design, is such as to maintain a higher degree of constancy than is required m atmospheric- 
electric work. The voltmeter used is a minature Weston instrument, with ranges of 3 
volts and 150 volts, and the potentiometer system is obtained by utilizing an adjustable 
resistance. Theoretically one potentiometer system would be sufficient for all the electro- 
scopes; but in view of the difficulty of even standing still when taking observations m 
a heavy sea, it is desirable to put the matter of convenience of manipulation in the fore- 
ground, and a separate potentiometer system is attached to the base of each of the four 
electroscope systems in use in the observatory. Only the voltmeter is common to all the 
systems, and this is fixed to the wall in a position convenient for observation from all parts 

of the room. . . 

Figure 21 gives a diagrammatic sketch of the wiring arrangements for the potentiometer 
systems. A, B, C, and D are the electroscopes for the conductivity apparatus, ion-counter, 
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penetrating radiation apparatus, and ionization chamber of the radioactive-content 
apparatus respectively. H, I, J, and L are the corresponding potentiometer systems, V 
is the voltmeter, and E is an earthed connection. The keys K\ and k x serve to connect A 
to the potentiometer, K 2 and k 2 serve for B and so on. The reversing switches, k x , k 2) k s , /c 4 , 
enable the electroscopes to be charged with either sign of electricity. Since the electroscope 
A requires, as we shall see, the 150-volt range on the voltmeter, it must be separated there- 
from by a separate switch S. The operation of the system will be clear from the figure, and 
it will not be necessary to describe it in greater detail. The electroscope systems are 
suspended from gimbals and each is provided with a small glow lamp and switch for use at 
night, and a spirit-level of convenient sensitivity. It is possible by means of the levels to 
guide the instruments by hand so that they are sufficiently vertical when readings of the 
electroscopes are made. 

The method which is usually employed for measuring the conductivity of the air is 
that due to Gerdien. In this method air is drawn by a fan through the space between two 
concentric cylinders, the central member of which is charged and connected to an electro- 
scope. The theory of the instrument shows that so long as the velocity of the air-current 
is large enough to insure that the central cylinder is unable to extract from the air all of the 
ions which it attracts as the air passes through, the rate of loss of charge by the cylinder is 
independent of the air velocity. It depends only upon the conductivity contributed by the 
ions of sign opposite to the charge on the central cylinder. Under these conditions, treating 
the apparatus as portions of length l of two infinitely long concentric cylinders of internal 
and external radii r, and r a respectively, Gerdien deduced the expression 1 



for the unipolar conductivity X corresponding to the particular sign of ions involved. In 
this formula C\ is the capacity of the whole apparatus, including the electroscope, and T 
is the time taken for the potential of the central cylinder to fall from Vi to V 2 . This 
formula is inaccurate in that it neglects the finite extent of the cylinders and more particu- 
larly the influence of the rod supporting the central cylinder. If, however, the quantity 
1/2 log (r a /r t ) , which here corresponds to the capacity of the concentric cylinders under the 
above assumptions, be replaced by the measured capacity C 2 of the concentric cylinders, 
including the portion of the supporting-rod which is exposed to the air-current, the formula 
becomes exact 2 in the form 

4TXC 2 = ^log|i- (3) 

For since the rate of supply of electricity to the apparatus as a result of the conductivity 
of the air is 4 tXC 2 U, 2 we have 

-C 1 ^ = 4tXC 2 F (4) 

which integrates to (3). 

In the work on the Carnegie the potential drops are small, and the differential form (4) 
is the more convenient one for use. A formula allowing for leakage during the experiment 
can most conveniently be deduced as follows. 

Suppose that the fall in potential of the insulated system in the srrmll tim e r is 8V, 
corresponding to 0 divisions alteration in deflection of the electroscope. Suppose, also, that 
the alteration of deflection in the same time, as a result of leakage, with no air-flow, is e. 


l Terr Mag , vol 10, pp 69-71, 1905 


2 See W F G Swann, Terr Mag , vol 19, pp 81-88, 1914. 



Atmospheric-Electric Observations, 1915-16 


385 


Then the total loss of electricity in the time r is CiSF, and the loss by leakage is CiebV/0, or 
if we call t the time which the apparatus would require to leak through the range <5F, the 
leakage term is CirbV/t. Thus from (4) 

C\bV (t - 1 — r 1 ) =4irXC 2 F (5) 

A determination of t is made just before the first and just after the last of the determina- 
tions of r corresponding to each set of observations for the unipolar conductivity, and the 
mean value t~l of r 1 is used in the formula. It is easy to see that the mean of the recip- 
rocals rather than the reciprocal of the mean should be used. In determining the leakage 
term it is desirable to make observations over a range of potential m the neighborhood of 
the midpoint of the small range 5F, and the value substituted for V in (5) should be the 
mean value corresponding to this range. 



In order that the theory of the apparatus may apply properly, it is necessary that the 
air-flow shall be sufficiently great, and it is desirable that it shall take place for a longer 
period than is readily possible with clockwork devices. For this reason the fan is run by a 
small electric motor driven by a 30- volt battery. A diagrammatic view of the conductivity 
apparatus is shown in Figure 22. The supporting-rod A of the central cylinder rests in a 
brass socket fixed in the amber plug S, and the amber plug is contained in a brass tube 
supported from the brass wall BB by three brass struts. The upper part of the apparatus 
is inclosed by the box CC, the whole of which is above the roof of the observatory. To the 
bottom of the box is fastened a brass ring which can turn in a fixed ring screwed to the roof, 
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thus enabling the apparatus to be turned to the wind. The movable brass ring carries a 
gimbal system which supports the electroscope system, so that the latter remains vertical 
as the ship inclines. The wire W passes through a hole in a screw E in the amber piece G, 
and by adjusting the screw, coincidence can be secured between the point of intersection 
of the gimbal axes, and the point at which the wire bends as the ship inclines. It was ascer- 
tained experimentally that the change in configuration resulting from tilt was not sufficient 
to alter appreciably the electrical capacity of the system. 

The air, after being drawn through the space between the cylinders, passes in the direc- 
tion of the arrows P down into the observatory, whence it escapes from the windows at all 
parts of the room. Thus, air which has lost its conductivity in passing between the con- 
centric cylinders is prevented from entering the apparatus again. The funneled opening H 
can be readily removed when observations are completed, and the apparatus may then be 
covered with the box seen in Plate 22, Figure 1, on the roof of the observatory to the right of 
the figure. During leakage tests, the entrance to the concentric cylinders is closed by a 
wooden disk and the exit by a shutter 0. 

It will be seen that the main source of leakage in the apparatus is across the amber 
supports S and G, Figure 22. Quite recently these supports have been replaced by two 
insulators, each of which is divided into two parts by a guard-ring R maintained at the 
potential to which the electroscope is charged at the beginning of the observations. Thus 
leakage occurs only as a result of departure from that potential, and hence is very small. 
The electroscope itself is not provided with a guard-ring, but its insulation can be protected 
more thoroughly than that of the amber supports S and G. 

The method of recording the observations and of calculating the results will be under- 
stood by a reference to the example on page 398. One determination of (say) \ + is made 
as indicated in the example, and comprises two observations of r. This is then followed by 
a determination of A_, comprising 4 observations, and finally by another determination of 
\_i_ comprising 2 observations.* The mean of the two values of A+ is then taken as the value 
appropriate to the mean time of the whole experiment. Days on which there were 
2 deter mina tions of and 1 of \ + alternated with those on which there were 2 determi- 
nations of A + and 1 of A_. The conductivity observations were carried on simultaneously 
with those of the ionic numbers in a manner which will be clear when the determination 
of the latter element has been described. 

IONIC CONTENT. 

The usual method of measuring the ionic content of the atmosphere is that due to 
Ebert. It will be remembered that in this method a stream of air is drawn by a fan through 
a cylindrical condenser, the inner cylinder of which is connected to an electroscope charged 
(say positively) to about 200 volts. If W is the volume of air flowing through the cylinder 
during the experiment, 5 V the fall in potential in that time, e the ionic charge, n~ the number 
of negative ions per c. c., and C the capacity of the whote instrument, then if the potential 
of the innftr cylinder is sufficient to result in all the negative ions being caught, we have 

n.eW = C8V 

One of the ch ie f defects of the method is the fact that the time necessary to obtain a 
measurable alteration 57 in the electroscope is rather long, amounting, according to some 
authorities, to as much as 30 or 40 minutes. 2 This not only accentuates errors due to 
leakage, but it introduces uncertainties owing to the variation of the ionic density during 
the time of the experiment. The reason for the slowness of the method of course lies in the 

’Since the method of recording the observations is the same for each set. only one set is shown in the example on page 398 

2 See G C. Simpson and C. S Wright, Proc . 22. Soc A, vol. 85, p 188 1911 
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fact that if we employ an electroscope which is to measure 200 volts on its scale, it obviously 
can not show very much movement for a small alteration of potential of say 1 volt. 

In the apparatus which was devised to overcome the above difficulties 1 the central 
cylinder is connected to the fiber of a single-fiber electroscope which can be adjusted to any 
convenient sensitivity. For land observations a sensitivity of about 20 divisions per volt is 
convenient, but at sea a somewhat smaller sensitivity (about 5 to 10 divisions per volt) 
is more desirable. The potential of the fiber is never allowed to depart far from zero poten- 
tial, and the necessary field is obtained by insulating and charging the outer cylinder to 
about 150 volts. On releasing the fiber from earth it, of course, starts to move, and the 
rate of movement can be noted. The leakage correction becomes reduced to a very small 
amount owing to the small departure of the system from zero potential during the experi- 
ment. In order to prevent the charge on the outer cylinder from affecting the number of 
ions coming to the apparatus, the cylinder is shielded by another cylinder separated from it 
by a thin hard-rubber ring. This latter cylinder is earthed, and as it takes a charge equal 
and opposite to that on the cylinder next to it, it to a great extent annuls the effect of that 
cylinder. It by no means does so com- 
pletely, however, even when the two cylin- 
ders in question are separated by no more 
than 1 mm. We can easily see why this 
is so, for though it is difficult to estimate 
the exact distribution of forces around the 
mouths of the cylinders, we can easily see 
that since a point such as F, Figure 23, 
which is inside the charged cylinder, is at 
— 150 volts, and a point such as D, which is 
outside, is at about zero, the ions which get 
inside will have to do so in opposition to a 
field corresponding to a fall of potential of 
150 volts in a comparatively short dis- 
tance. If the velocity of the air-current 
falls below a certain minimum value, ob- 
viously no ions will get inside. For the 
usual air-currents employed, however, the 
effect is to diminish the number of ions 
entering. This difficulty is one which 
shows itself very materially in practice, as 
appeared when experiments were made to test it; it is, however, completely overcome by 
the device shown in Figure 23, A. 

The figure shows the top end of the apparatus, B and C are the two outer cylinders, and 
E is the top of the central rod. E carries a collar attached to three wires which in turn 
support a thin hollow cylinder G. A cap H fitting over the entire end of the apparatus is 
fitted with a piece J which just goes inside the top of G, from which it is electrically sepa- 
rated by an amber ring R. This ring is fixed at the top of G on the inside, and is prevented 
from f allin g down by a little shoulder turned on the brass. By this arrangement G is kept 
from shaking , and it will be seen that air at zero potential outside can now get well inside 
without having to pass through a point different from zero. Any repulsive influence of 
the cylinder B on the ions as they come near the lower end of G can only result in their 
being turned sideways and caught by G, and this produces no error, since G is connected 
electrically to E. 
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Fig 23 — Diagram Illustrating Attachment to Upper End of 
Central Kod of Ion-Counter 


^ee W. F G Swann, Terr Mag , vol 19, pp 171-176, 1914 
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The fan and air-meter attached to the apparatus are of the same type as those supplied 
by Messrs. Gunther and Tegetmeyer, with the usual Ebert apparatus; the electroscope is, 
however, as already stated, of the single-fiber type, and is adjusted to a sensitivity of from 
5 to 10 divisions per volt. 

In Plate 22, Figure 2, to the left of the figure, are shown the electroscope system, fan, and 
meter. A box, containing the battery for the plates of the electroscope, is attached to the 
base of the apparatus, and the whole instrument is suspended from a gimbal system. 
The open end, which is shielded by a hood, projects through a hole in the roof of the 
observing-house. 

In making the observations, the fiber is released from earth, and is allowed to move 
over a fixed r ang e of the scale of the electroscope as in the conductivity observations, the 
meter readings during the transit of the two marks being noted. Apparent leakage may 
result from two causes, a true leak arising when the fiber departs from zero potential and 
small alterations in the potential of the battery during the experiment. The former effect, 
which is in general very small for the small potential increase of the fiber, is at any instant 
proportional to that increase, while the latter is independent of it. Provided, however, 
that the “apparent leakage” correction is determined when the fiber is charged to the mid- 
point of the fixed range, we need not concern ourselves with any distinction between the 
two types of effects. 

If C is the capacity of the apparatus, and §F the magnitude of the fixed range, n the 
ionic density, e the electronic charge, and IF the air-flow during the movement over the 
range 8F, we have 

CdV=neW+c(^T 


where r is the time of duration of the observations, and is the rate of alteration of 
potential in the leakage experiment. 

If t is the time which would elapse during the entry of CSV units of electricity into the 
apparatus by apparent leakage, the potential being maintained constant, we have CSV = 
neW+CSVr/t, and if « is the quantity of air which would flow through the apparatus in 
the time t, r/t — W/u, so that 1 

CSV , w _! 

n= (1 IF — w *) 

e 

The procedure with regard to taking alternate readings for » + and n_ is exactly 
analogous to that adopted for the conductivity, and for each set the mean value of IF -1 for 
the set is used in the formula, as also the mean of the values of aT 1 obtained at the beginning 
and end of the set. The results are recorded as in the example shown on page 398, the 
relation between the air-flow and meter-reading being obtained from data supplied with the 
meter. It will be noticed that the tables for recording the conductivity and ionic content 
bear a strong resemblance to each other, a fact of considerable advantage. 

In view of the suspicion which naturally attaches to the indications of any small meter 
operating on the fan principle, arrangements have been made during the latter part of 
1916 to recalibrate this instrument aboard ship from time to time. 

Before making the leakage tests with the conductivity apparatus and the ion-counter, 
the fans are allowed to draw air through the instruments for 5 minutes, so that the insulat- 
ing material may attain that degree of dampness which it will have during the experiment. 

lit will be observed, from the mode of deduction of this formula, that, when the apparent leakage acts m the same sense 
as the ions entermg the apparatus, a is to be inserted as a positive quantity. In the usual case, however, where the leakage is 
a true one, « is negative 
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The fans are then stopped, and the first leakage tests are made simultaneously for the two 
instruments. The fans are then started again, the conductivity apparatus is charged to its 
appropriate potential, and the ion-counter fiber is released from earth. The time of 
passage of the right-hand fiber of the conductivity apparatus across its first fixed mark is 
then noted, and when the ion-counter fiber has reached its first mark the meter is read. 
When the ion-counter fiber has gotten to its second fixed mark the meter is again read, and, 
the fixed range for the conductivity apparatus having been previously chosen so that the 
fiber of this ins tr um ent is, by this time, approaching its second mark, the time is noted 
when that mark is reached. The conductivity apparatus is then recharged, the ion-counter 
is earthed, and the operation is repeated, and so on. In this way the observations of the 
ionic content are carried on simultaneously with those for the conductivity and so provide a 
means for determining the corresponding specific velocity, which is recorded on the same 
form as the conductivity and ionic content. 

PENETRATING RADIATION. 

For the measurement of this element a copper vessel of about 27 liters capacity is 
employed; it is provided with a central rod which is insulated from the vessel by an amber 
plug and connected to the fiber of a single-fiber electroscope. A potential of about 150 
volts is applied to the vessel and the ions of the corresponding sign produced therein are 
driven to the central rod, so that on releasing the fiber of the electroscope from earth, it 
commences to move at a rate determined by the rate of production of the ions in the 
vessel. The principle of noting the time taken by the fiber in moving over a fixed range is 
adopted here as in the other instruments and the observations are recorded as in the 
example given on page 399. The quantity sought is, of course, the number of pairs of ions 
produced per cubic centimeter per second in the closed vessel. 

The insulating plug which supports the rod is divided into two parts by means of an 
earthed guard-ring, so that, since the apparatus is not subjected to air-currents from out- 
side, leakage may be taken as negligible. Indeed, leakage may be entirely eliminated by 
starting observations with the fiber charged in such a sense that it crosses the zero during 
the observations, for it may then be arranged that the fiber-readings which are chosen as 
the bases of the measurements he at equal distances on each side of the zero. The copper 
vessel, which is hermetically sealed, was thoroughly cleaned on the inside before it was 
installed. 

In order to avoid movements of the fiber of the electroscope resulting from variations 
of the potential applied to the large vessel, an additional attachment has recently been 
incorporated. This attachment comprises a cylindrical piece, which is in electrical con- 
nection with the central system, and is surrounded by an insulated hollow cylinder which 
does not touch it. Although the volume of the attachment is small, the capacity of the 
portion inclosed by the hollow cylinder is comparable with, and may be made nearly equal 
to the capacity of the portion of the rod surrounded by the large vessel. The two ends of a 
megohm are connected respectively to the large vessel and to the outer cylinder of the 
attachment, the mid-point of the megohm being connected to the case of the electroscope. 
A battery of 300 volts is also connected to the two ends of the megohm. It will be obvious 
that under these conditions, and when the capacities above referred to are adjusted to 
equality, fluctuations of the battery potential may take place without affecting the potential 
of the insulated system. The result is the same as if the battery did not fluctuate. In 
the laboratory, Swann has used this method with success for producing the equivalent of 
a battery constant to 1 part in 10,000,000 or more. 
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RADIOACTIVE CONTENT OF THE ATMOSPHERE. 

In former work on the ocean, and in much of the work which has been done on land, 
attempts have been made to obtain relative estimates of the amount of active material in 
the atmosphere by the method devised by Elster and Geitel. This method suffers from 
various disadvantages in respect of the indefiniteness of the meaning to be attached to its 
results, 1 and even under the most favorable conditions it can not be said to afford a very 
satisfactory method of estimating the radioactive content. 

Undoubtedly one of the best methods of determining the radium-emanation content 
of the atmosphere is that involving the absorption of the emanation from the air by char- 
coal, with a subsequent determination of the amount absorbed. The time required for 
this operation, however, and the nature of the apparatus necessary, is such as to render the 
method impracticable for use aboard ship. The method at present employed on the 
Carnegie consists in drawing air between two concentric cylinders, the central one of which 
is charged negatively to such a high potential that all of the active carriers entering the con- 
centric cylinders are brought to the central system. The saturation current produced in 
an ionization chamber by the active deposit collected in a given time is measured. This, 
combined with a knowledge of the air flow during the collection of the deposit, enables 
the amount of active material per cubic meter of air to be estimated, 
if one assumes a knowledge of the nature of the deposit, which latter 
can be obtained from the form of the decay curve. The general prin- 
ciple of this method has been used, in one form or another, by several 
investigators on land, and the chief modifications introduced in the 
present apparatus have been made with the object of rendering the 
results more susceptible of accurate theoretical interpretation and 
of increasing the sensitivity of the apparatus and its adaptability for 
use at sea. 

The collecting apparatus, as at present employed, is shown in its 
essential features in Figure 24. It comprises a copper cylinder A, 

64 cm. long and about 20 cm. in diameter, with an anemometer at one 
end and a fan at the other. The central system consists of an insu- 
lated wooden cylinder B, 12 cm. long and 12 cm. in diameter, sup- 
ported by a rod passing through its axis and insulated from it by 
sulphur, S. The surface of the wooden cylinder is covered with 
copper foil, held on by rubber bands, and it is on this foil that the deposit is collected. 
Earthed metal-caps CC, attached to the central rod, cover the top and bottom of the 
central cylinder without touching it, and insure that the negative charge, and consequently 
the active deposit, are confined to the copper foil. 

A large air-current is necessary if a large amount of deposit is to be obtained, and in 
order to secure saturation with a reasonably low potential on the central cylinder, it is 
necessary that the latter shall be large. A large cylinder, when afterwards introduced into 
the ionization chamber, so as to form the central system there, would, however, on account 
of the large capacity, reduce the sensitivity in the ionization-chamber measurements. 
For this reason, the central system of the ionization chamber is formed of a thin rod, and the 
foil, after removal from the inner cylinder of the collecting apparatus, is bent over and 
made to line the walls of the ionization chamber, with the active surface facing inwards. 
In this way, the foil does not contribute to the capacity of the system. The height of the 
ionization chamber is about twice that of the foil cylinder, so that the latter only covers the 
middle portion of the wall of the chamber, and in this way it is insured that none of the a 
particles strike the top or bottom of the chamber. Thus, although the range of some of the 

x See C. W Hewlett, Terr Mag , vol 19, pp 146-148, 1914, also W F G Swann, Terr Mag , vol 19, p. 91, 1914, also 
Terr . Mag , vol 19, pp. 176-182, 1914, also Terr Mag vol 20, pp. 18-22, and pp 30-43, 1915 
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a particles is cut short by their traversing, for example, a short cord of the cylinder, the 
average reduction of range brought about in this way is a definite and calculable function of 
the radius of the cylinder and of the true range of the a particles. It is independent of the 
distribution of the active material on the foil, a point of some importance, since the distribu- 
tion of active deposit on the foil is by no means uniform. 

The central system of the ionization chamber is attached to a single-fiber electroscope 
adjusted to a sensitivity of 5-10 divisions per volt, and the potential is applied to the outer 
vessel, the whole being mounted on a gimbal. The method of allowing for leakage is 
exactly analogous to that adopted in the case of the conductivity apparatus, except that it is 
not readily possible to make a leakage test at the end of the experiment, since the whole of 



the internal surface of the ionization chamber is then likely to be covered with the dis- 
integration products of the material originally collected. _ 

A picture of the ionization-chamber system is shown to the right of Plate 22, r igure 2, 
andinPlate 22, Figure 3, will be seen the collecting apparatus with the outer cylinder removed 
so as to show the central system. The collecting apparatus is mounted by itself aft of the 
galvanometer house, and the fan for drawing the air is worked by a motor. For driving 
this motor and the one in the conductivity apparatus, a 30-volt battery of 300 ampere-hour 
Edison primary cells has been used, as it has not been practicable so far to install an accu- 
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mulator battery and charging system. The use of primary batteries renders it necessary 
to economize on the running of the motors and so the active deposit has been collected for 
only half an hour each day. 

For charging the central system of the collecting apparatus a means of obtaining a 
potential of about 2,000 to 4,000 volts is necessary. Zamboni piles are not suitable for such 
work at sea, for they fall very considerably in potential unless the insulation can be main- 
tained to a high degree in all parts of the apparatus. A form of Kelvin water-dropper 
multiplier has been found most convenient for the work in hand. Such an apparatus 
possesses the advantage that it is not permanently injured by short circuits or by subjection 
to faulty insulation for long periods. In the simplest form of water-dropper a tank A, 
Figure 25 (to the left), supplies water and forms a jet in a cylinder B, which is insulated and 
connected to one pole of a battery C, whose other pole is earthed. Under these conditions 
the funnel D and its attachments become charged by the falling drops, and in practice the 
potential of D rises until the rate of electrical leakage over insulating material, etc., equals 
the rate of supply of elecricity by the drops. The latter quantity can be increased by 
increasing the potential of the battery C, but to this there is naturally a practical limit. 
Very httle is gained by simply increasing the number of jets in the cylinder, for the effect 
obtained is proportional to the electrical capacity of the droplets, and this quantity 
increases very slowly with increase of the number of jets when the latter are close together. 
If, however, the cylinder B is divided into a number of separate compartments, as in Figure 
25 (to the right), and one jet is allowed to break in each compartment, the effect of the jets 
should be additive, and an apparatus of this kind was consequently designed for use on 
the Carnegie. Some tests carried out on this apparatus, by S. J. Mauchly, showed that 
the contributions of the jets were strictly additive, and the apparatus with 7 jets and a 
potential of 100 volts on the cylindrical compartments gave, on short circuit, a current of 
105 E.S.TJ. 

High potentials and relatively large currents can also be obtained by using Lord 
Kelvin’s double multiplying system; but, for the particular work in hand, it was felt that 
the above method was much more suitable. 

The air-flow is required in cubic centimeters per second, but the anemometer used 
with the apparatus reads in linear feet. Apart from this, however, the indications of an 
anemometer, when used in a tube as in the present experiment, are not related in a simple 
way to its indications in the open. It was consequently necessary to determine a reduction 
factor k, to reduce the apparent indications of the instrument to cubic centimeters per 
second. 

To this end was constructed a dummy apparatus which, as far as essentials were 
concerned, was of the same geometrical form as the main apparatus. At the end remote 
from the anemometer were inserted three wire grids, of such a size as to extend right over 
the cross-section of the cylinder. The central grid, which was of manganin, served as an 
electrical heater, and the other two grids, which were of copper, functioned as resistance 
thermometers, and were used differentially. The energy supplied to the central grid was 
measured when the steady state had been attained, and this quantity, combined with a 
knowledge of the specific heat of air and the temperature rise between the outer grids, 
served to give the air-flow in absolute units. It was thus possible to calibrate the anemom- 
eter under the exact conditions in which it was used. The actual observations concerned 
in the determination of the factor k were made by D. M. Wise. 

The observations are recorded as in the example shown on page 400. The quantity 
rj represents the number of pairs of ions produced per second in the ionization chamber, due 
to the active material which would be deposited in an air-flow of 1 c. c. per second, t] is 
recorded for various values of the time estimated from the completion of the deposition, 
and serves as a preliminary quantity for use in the subsequent determination of the radium- 
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emanation content. This determination, which necessitates a careful analysis of the 
curves obtained by plotting r) against the time, is carried out at Washington, and is based 
on principles which will be clear from the following : 

THEORY OF DETERMINATION OF EMANATION CONTENT OF THE ATMOSPHERE 

In attempts to calculate the amount of emanation in the atmosphere from an experi- 
ment depending on the collection of the active deposit, it is customary to assume that only 
radium A is deposited, although, of course, the fact that this radium A subsequently 
decays to radi um B, and radium C on the wire is taken into account. It is to be remem- 
bered, however, that radium B and radium C are also deposited, and it turns out, in fact, 
that the decay curves for the active deposit can not be satisfactorily explained by supposing 
th em to arise entirely from the radium A deposited. It might be thought that the products 
radium A, radium B, and radium C, in the present experiment, would be deposited in pro- 
portion to the equilibrium amounts present in the atmosphere, so that it would be an easy 
thing to calculate the shape of the decay curve from the theoretical constants of the 
substances. It must be remembered, however, that the A, B, and C products combine in 
part with the negative ions in the air, and to different extents, depending on their decay 
periods. Those particles which so combine naturally lose in the experiment their power 
of being deposited. Thus, in the equation of the decay curves in terms of the known 
radioactive constants, there must appear 3 constants, to be determined from the shape of 
the experimental curve, and representing the numbers n a , n h , and n c of positively charged 
atoms of radium A, radium B, and radium C per c. c. of the atmosphere. When the value 
of n a has been determined on the above lines, and in the manner to be described in greater 
detail below, the total number of atoms of radium A per c. c. of the atmosphere, including 
those atoms which have lost their charge, may be approximately determined by multiplying 
the value of n a by the correcting factor (l+an./X^), 1 where a is the coefficient of recombi- 
nation of ions, and n_ the number of negative ions per c. c. of the atmosphere. Thus if E 
is the number of atoms of radium emanation per c. c. of the atmosphere, and \ E the decay 
constant of the emanation, we have 

71 

E\ B =\ A (l+a^)n a (6) 

aa 

Of if Q be the weight of radium with which the above amount of emanation would be 
in equilibrium, and if X K is the decay constant of radium, we have 

<2 = ^(1 + ^) (3.7 X10~ 22 ) (7) 

A R A A 

where 3.7X10 -22 represents the weight of an atom of radium. 

Such a procedure neglects any thorium emanation which may be present, but in view 
of the short decay period of thorium emanation there is small likelihood of the existence of 
any appreciable amount of this element far from land. It is also to be remarked that the 
time of deposition m the present experiments is so short that in any case the shape of the 
decay curve is mainly determined by the radium emanation. 


1 Soe J Salpoter, Wien Ber , vol 118, p 1163, 1909, and vol 119, p 107, 1910. 
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The method of calculating, from the decay curve, the number of atoms of radium A, 
radium B, and radium C in the atmosphere, is analogous to that adopted in the case of the 
observations of the third cruise of the Carnegie. 1 The following notation will be adopted: 
Let X A , Xg, X c , be the decay constants for the A, B, and C products of radium emana- 
tion respectively; T the time of exposure of the foil to the atmosphere. 

Let n A be the number of atoms of radium A deposited per second during period T. 

Let n B be the number of atoms of radium B deposited per second during period T. 

Let n c be the number of atoms of radium C deposited per second during period T. 

Let t be the time at any instant after the foil ceases to be exposed to the atmosphere, 
the time t — 0 being the instant when the exposed foil is discharged. 

Let N J i be the number of atoms of radium A on foil at time t due to direct deposition. 
Let N s be the number of atoms of radium B on foil at time t due to direct deposition. 
Let N c be the number of atoms of radium C on foil at the time t due to direct deposition. 
Let N b be the number of atoms of radium B on foil at time t due to their formation 
on the foil from radium A. 

Let N c be the number of atoms of radium C on foil at time t due to their formation 
on the foil from radium A via radium B. 

Let N c be the number of atoms of radium C on foil at time t due to formation from 
the radium B deposited. 

In the present work, T is 1,800 seconds, and the following values are adopted for 
X A , Xb, and A g : 

X A =3.85X10 -3 Xb =4.33X10-* X C = 5.93X10- 4 

Proceeding on lines analogous to those indicated in Rutherford’s “Radioactive Sub- 
stances and their Transformations,” pages 426-427, we obtain, 


XJV A =n A (l— e-^Oe-Xi* 

(8) 

\cNc = n A Xc(ae -x A < +be -x a t +ce-'V) 

(9) 


where 


X B (1— e~ x A r ) X A (l-e-VQ X^l-e-VO 

a (Xb — X A ) (X g — X A ) (X_4 — Xb)(Xc~ Xb) Xc(X A — X c)(Xb— X g ) 

We also find 

\ B N B =n B (l — e -x B J, )e“ x a i (10) 

'K c N c =n B (l l e-*BT-c l e-*c t ) ( 11 ) 

where 

, X g (l— e~ x B r ) _ X B (l-e~ x c r ) 

1 X g — X B X g — X b 

XcN c = n g ( 1— 6~ x c r )e“V (12) 

If p, q, and r represent the number of ions produced by an a particle of radium A, 
radium B, and radi um C respectively, then, remembering that radium B emits no a-particles, 
the total rate of production of ions which would take place in the ionization chamber as a 
result of the deposit on the foil, if all the a-particles produced their full number of ions, is 

^aN a P +X g lV c r 4~X g iV g T -)-Xc-Ar g r 


'See W. F G Swann, Terr. Mag , vol. 20, pp 30-43, 1915. 
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This neglects the ionization due to the /3-rays and y-rays in the ionization chamber; but 
such ionization is small in view of small range of action available, in the chamber, for these 
rays. 

If we multiply the product of the quantities W and 77 , as defined in the specimen com- 
putation on page 400, by a factor h, to allow for the fact that some of the a-particles do not 
travel the whole of their range in the ionization chamber, we have 


t]Wh —\ a,NaP~\~'^c-^c 7 ' -\~'^cNc r ~t~Xc-A c r (13) 

In so far as the fractional loss of ionization depends, in part, on the range of the a- 
particles, the quantity h theoretically depends upon the ratio of the amounts of ionization 
from the A and C products, and this ratio varies with the time. In practice, however, 
since the radi um A decays to half its activity in about 3 minutes, practically the whole of 
the measurements depend upon the ionization by radium C. Thus, in the calculation of h, 
which will be explained later, the range has, as an approximation, been taken as that of the 
radium C particles. This does not, of course, imply that, at the end of a few minutes, the 
influence on the shape of the decay curve, of the radium A deposited, is lost, for the radium 
A produces radium B, and this, while it produces no ionization, slowly grows into radium C. 

If we now substitute in (13) the values given by (8), (9), (11), (12), putting in the 
values of the constants X B , and X c in the coefficients of the exponentials; and if we 
further note that the quantities n A /W, n B /W, and n c /W represent respectively the 
quantities n a , n b , and n C) i. e., the numbers of atoms of radium A, radium B, and radium C 
in the atmosphere, we find 

77—771 — I 772 I (14) 


where 


A m =n a (1.92e-M+5.36e- x s‘+4.98e-V)Xl0 5 
= »(,(4.76e- x B‘-4.21e- V) X 10 5 
^3=« 0 (l-56)e _x c < XlO B 


Theoretically, the values of n a /h, njh, and n c /h can be obtained from 3 points on the 
experimental curve. Such a method of determining the constants is, however, somewhat 
laborious, and not very satisfactory in the present case. If, however, the curves for 771 
and ij 2 are plotted with arbitrary values of njh and njh, it turns out that, for both curves, 
the slope is practically zero at t = 1,320 seconds. Thus, the whole of the slope of the experi- 
mental curve at this point is due to 173 , and consequently at <=1,320 seconds we have, using 
(14) and (17), 

^ = -^(1.56)e-i32ox c xl0 5 
at h 


which serves to determine n c /h, since X c is known. The curves may thus be simplified into 
curves involving only curves of the types 771 and 772 , and the values of n a /h and n b /h may be 
more sa tisf actorily determined. When n a has been obtained, the emanation content may 
immediately be deduced from equation (7). 

The quantity h was obtained from the following considerations: Suppose Pds repre- 
sents the number of a-particles which, coming from an area ds of the foil, are initially shot 
out within unit solid angle. The total ionization to be expected from these a-particles is 
Prds, if they traveled their full range in air. The ionization to be expected, under the same 
conditions, from all of the a-particles emitted from the element ds would consequently be 

I 0 =4rPrds (18) 

Now half of the a-particles never succeed in leaving the metal foil, since they are shot 
directly into it, and of the 2tt Pds particles which do leave the foil, a number strike the wall 
again before completing their range. 
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Suppose that a rod of length x be imagined supported at one end on a universal joint 
at the element ds, so that the other end of the rod may be slid along the inner surface of the 
cylinder. Let co be the solid angle subtended between the tangent plane to the cylinder at 
ds, and the cone traced out by the rod as it rotates around a normal to this plane, with its 
free end touching the inner wall of the cylinder. Then, knowing the radius of the cylinder, 
it will obviously be possible to graphically determine co as a function of x. Again, if R is 
the range of the a-particle, the loss of ionization due to the annihilation of the portion of 
the path from x to R is a function of (R — x) of the same form for a-particles from all types of 
substances. 1 The form of the function can be determined from the ionization curve for 
the a-particles. Calling this function f(R—x), we thus see that it is possible to plot f(R — x) 
as a function of x, and so of w; and, as regards the a-particles emitted from the element ds, 
the total loss of ionization as a result of the above action is, 



where 12 is the value of « for x=R. Thus 

I = 2irrPds — Pdsj"' f(R—x)dw 

and observing that I/I 0 =l/h, we have, using (18), 

1_1 1 R 1 

h~2 4 tt (19) 

With the ionization chamber used it was found that the second member on the right-hand 
side of (19) constituted a correction of about 18 per cent on I. 

In view of the large amount of labor involved in analyzing the curves, and of the 
fact that the amount of emanation when calculated was extremely small, it was considered 
s uffi cient, to combine the curves for the separate days into groups of about 10'. The mean 
curve for each group was then drawn and the corresponding amount of emanation was 
deduced according to the above scheme. For the purposes of a statement of the results, 
in a more detailed but less absolute manner, the values of the quantity rj corresponding to 
the time 3 minutes after the termination of thedeposit have also been shown in Tables 79-83, 
for each of the days on which observations were taken. 

RADIOACTIVE CONTENT OF THE SEA-WATER. 

Attempts were first made to estimate this quantity by evaporating to dryness about 
one liter of sea-water and testing the residue. The chief difficulty associated with this 
method lies in the absorption, by the residue itself, of a large amount of the a-ray radiation. 
Some observations have been made by this method, but it is now felt more satisfactory not 
to attempt any actual determination of the radioactive content of the sea-water aboard the 
vessel, but to forward the complete residues to Washington. Here they can be redissolved, 
and their radium content may then be determined by the charcoal method. Owmg to the 
desirability of making all such determinations at one time, this work has been postponed 
until the completion of the Carnegie’s fourth cruise. Thus, no data for the radium-emana- 
tion content of the sea-water are recorded in this report. 

iSmce, if the number of ions produced per unit length of path be plotted against the distance from the end of the range, 
the curve so obtained is the same for all substances 
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METEOROLOGICAL OBSERVATIONS 

The meteorological elements are determined according to well-known methods, and no 
special mention of the procedure is necessary, further than to record that the relative 
humidity was obtained by means of a sling hygrometer, the atmospheric pressure by means 
of a mercurial barometer, and the temperature by an ordinary thermometer, with the 
exercise of the usual precautions. A barograph and a thermograph are also in use for the 
purpose of obt aining continuous records. The meteorological observations are recorded 
as shown on page 401, and on the same form is recorded also the summary of the atmos- 
pheric-electric observations for the day. 

SPECIMENS OF OBSERVATIONS AND OF COMPUTATIONS. 

EXPLANATORY REMARKS. 


The for ms are almost self-explanatory when read in conjunction with the account 
of the method of procedure as given on pages 377-396. The letter d, over many of the num- 
bers, indicates that these numbers are recorded in scale divisions of the electroscope. Adja- 
cent to such readings the corresponding values are recorded in volts when necessary. 

Atmospheric-Electric Observations: Potential-Gradient 

(Form 102) 


Station At sea 
Date: Jan 15, 1916 
Instrument P. G A 2 


lat' 54?3 S 
Com'd’r J P A 
Watch: 70 


Long . 326°8 E 
Obs’r I A L 


Watch 

Time 

Electroscope Readings 

y= 

(Vi-A) 

FiC) 

A( 2 ) 

Left 

Right 

Sum 

Left 

Right 

Si 

am 

h 

m 

d 

d 

d 

volts 

d 

d 

d 

volts 

volts 

10 

08 

54 

42 

96 


30 

31 

61 



10 

09 

53 

47 

100 







10 

10 

48 

45 

93 







10 

11 

45 

40 

85 







10 

12 

47 

43 

90 







10 

13 

47 

41 

88 







10 

14 

43 

41 

84 


32 

29 

61 



10 

15 

49 

41 

90 







10 

16 

46 

42 

88 







10 

17 

47 

38 

85 







10 

18 

42 

38 

80 







10 

19 

49 

40 

89 


32 

29 

6i 



10 

20 

42 

38 

80 







10 

21 

42 

37 

79 







10 

22 

40 

38 

78 







10 

23 

54 

47 

101 


33 

28 

61 



10 

24 

48 

41 

89 







10 

25 

52 

45 

97 







10 

26 

43 

37 

80 







1 10 

27 

57 

48 

105 







Means 



89 

126 6 


61 

82 5 

44 1 


Mean value 7 = 7 m ==44 1 volts 

Reduction factor to reduce to volts pel meter, 

Potential gradient, X = BV m = +123 volts per meter 

Mean watch time ==10 h 17 m 5, local mean time* 10 h 37*. 
Remarks* Position of sails Boom over port crutch, 
mainsail down 


Ship’s Chronometer 
Corr’n on G M T 

GMT. 

Long 

L. M. T. 

No 70 leads 

Corr’n on L M T 


h 

m 

12 

23 

8 


- 9 

3 

12 

14 

5 

2 

12 

7 

10 

01 

8 

9 

42 

7 


+19 

1 


1 ^ = potential of disk after fixed movement 

2 A =* auxiliary potential on electroscope, it is taken as positive when its sign is 
opposite to that of V . 
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In the observations of the potential-gradient, the positions of both fibers of the electro- 
scope are recorded, and are designated in the form by “left” and “right,” respectively. 
Space is provided for the conversion to volts of each of the readings so obtained. When, 
however, over the range used, the scale of the electroscope is sufficiently linear as regards 
potential variations, it is sufficient to deal, as in the example given, with the means of the 
scale differences, and convert these to potentials. 

Atmospheric-Electric Observations: Ionic Content, Conductivity, and Specific Velocity 1 

(Form 101) 

Station At sea Lat • 54°35 S Long 326?8 E 

Date. Jan. 15, 1916 Com’d’r * J P A. Obs’r. H F J. 

Inst . I C 1 and C A 3 Watch 106 


Ionic Content (ions per c. c , sign •+•) 

Conductivity (sign +) 

Meter 

AM for 
change 0 

W~ x 

Began mam obs’ns'lm 
after first leak-test j 1 1 
End main obs’ns b e-U 
fore second leak-test/ 1 2 

Mean watch time, T m 
Local mean time 

h vn 

10 03 0 

10 10 0 

Watch time 

T 

T~ l 

h m 

Watch time, Ti 10 03 0 

“ 11 T 2 10 10 0 

Mean, T m 10 06 5 

Correction on L M T. +19 

Local mean time 10 26 

d 

2040 

2135 

95 

94 8X10~ 7 

h m s 

10 03 50 

05 50 

120 

8 33X10 -3 

2300 

2385 

85 

106 0X10” 7 

10 06 5 
10 26 

10 07 30 
09 15 

105 

9 52X10- 3 

(Pi— initial reading of electro- 
d 

scope =45 

d £ d d 

0 =45-40 = 5 
volts volts volts 

57 = 104-93 = 11 
d d d 

0i=43 2-43 0 = 0 2 

0 2 =42 7-42 5=0 2 

h m s h m s s 

Ak=10 01 40-10 00 00 = 100 

Ah = 10 13 10-10 11 30 = 100 
fo- x =0 4X10“*L n AN/1A . 

^“i=0 4Xl0”*7 m 4x10 

d volts 

A=- =0 

-^-2 25 

a d volts 

0 = 0 1 _g=42 5 7i=98 5 

7' = 7i— A =98 5 volts 
■ y-JJLQlrr-i / -n 

x -4xrc 2 ( m tm ■> 

= 1 70X10-* 




d d d 

0 = 47-49= -2 0 
volts volts volts 

57 = 0 45 -0 05 = 0 40 
d d d 

0i=48 1-48 0 = 0 1 

02—47 4-47 3=0 1 













h m s h m s 

At\ = 10 01 50-10 00 10 = 
Ati = 10 13 20-10 11 40 = 
5X10- 3 ] 

5X10- , J 

s 

100 

100 

w 1 = 

-0 5X10” 3 













{J UIJJL1C XII DCVi A A- U CLLh 

flow through mst. = 7 X 10~ 4 s , 

WnT 1 = p for 1 = - 3 5 X 10~ 7 

C = capacity of ion counter 

= 32 1 cm 

n=No of ions per cc (Wm~ l 

6 00^ 

=948 










Mean = WmT 1 

100 4X10- 7 

Mean = Tm -1 

8 92X10- 3 


Specific velocity (sign -f) =t; = 300ne = * ^ cm P er secon< ^ P er v0 ^ P er cm 


Definitions: 0 = fiber movement m scale divisions, 57 = value of 0 m volts, W = total air-flow in c c., e= electronic charge =4 8 X 10~ 10 
Bsr, Ci = capacity whole apparatus, <72= capacity portion exposed to air-current, $ =mean scale-reading during fall 0, 7i = value 
of $ in volts, 7'= mean potential central conductor during fall 0, A = auxiliary potential applied to case of electroscope; it is 
taken as positive when its sign is opposite to that of 7', 0i and 0 2 = alterations in scale readings in the times A h and A U, respectively, 
during the leakage tests at the beginning and end of the experiment, T=time for fiber to pass over range 0 


x For an explanation of the formulae see pages 384-389 
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Atmospheric-Electric Observations: Penetrating Radiation 

(Form 104) 


Station: At sea 
Date. Jan. 15, 1916 
Instrument: P. R A 1 


Lai 54°3 S 
Com'd’r: J P 
Watch 70 


Long. 326°8E 
O&sV HFJ 


Watch Time 


h m 8 
11 39 15 
11 42 30 


11 44 20 
11 51 00 


11 52 15 
11 58 15 


12 02 10 
12 07 30 


12 07 50 
12 12 55 


Means 


ll h 56 TO 1 


s 

195 


5 13 XlO" 3 


400 


360 


320 


305 


2 50X10- 3 


2 78X10- 3 


3 12X10- 3 


3 28X10-3 


Remarks 


d d d 
0 = 49 0-48 0-1 0 
volts volts volts 
57 = 0 17-0 56=0 39 


Very lough s ea 


3 36X10- 3 



h m 

Ship’s Chronometer 

12 23 8 

Corr’n on G. M. T 

- 9 3 

G. M T 

12 14 5 

Long 

2 12 7 

L M T 

10 01 8 

Watch 70 reads 

9 42 7 

Corr’n on L M T 

+19 1 


12 h 15 m — local mean time 
0= fixed alteration m scale divisions 
57 —fixed alteration m volts 
C — capacity of system — 9 8 cm 
e — electronic charge - 4 8 X 10” 10 E s u 
XJ —volume of apparatus = 21 6 X 10 3 c c 
R —number of pairs of ions produced per 
, C57r m “i , 

c. c per second — ■■ ^qWTJ7 ~ = 4 ^ 
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Station* At sea 
Date ' Jan 15, 1916 


Atmospheric-Electric Observations . Radioactive Content 

(Form 103) 

Lot 54°3 S Long 326°8E 


Inst R. C A 4 


Com’d’r. J P A 


Obs’r H F J 



In the above observations on the radioactive content of the atmosphere, the times 
at which the fiber crosses the fixed marks are recorded in columns 1-20. In exceptional 
cases, where a large amount of active material is collected, one can, in a short time, make 
several determinations of the quantity r. In such cases it is possible to group the observa- 
tions in columns 1-20 about certain mean times, so that several of the observations may 
have their share in the determination of each point of the curve actually drawn for -q. 
For this purpose is employed the table headed “Means corresponding to a single point of 
the decay curve.” In general, however, as in the example cited, the amount of active 
material collected is so small that it is not possible to adopt this scheme, and the intervals 
r m recorded are the same as the intervals r. 
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Daily Summary of Atmosphenc-Electnc and Meteorological Observations 


(Form 110) 


Station At sea Weather* o Lat 54°3 S Long 326°8E 

Date. Jan 15,1916 Course E^S Com'd'r J P A Obs’rs* HFJ and I A L. 

Vessel * Carnegie Sea. R Wind . W by S, 6 Roll or Heel 10° s 10° p 


Summaiy of Atmospheric-Electnc Observations 1 


Local 

Mean 

Time 


h m 
10 42 


Ions per c c 


Positive 


926 


Negative 


839 


Conductivity 


Positive 


E S U 

1 72X10" 4 


Negative 

X_ 


E S U 

1 47X10" 4 


Specific Velocity 


Positive 


1 32 


Negative] 


1 25 


n + /?i_ = 1 10 


Potential-giadient X — -j-123 volt /meter 


XJ.+X--3 19 X 10“ 4 e s u 
.Air-eaith current-density - ^3 x lb 4 " 31X10” 6 e. s tj 

rjo = value of rj coi responding to time 3 minutes aftei completion of deposit 2 =0 80 

E = numbei of pairs of 10ns produced per c c per sec =4 22 

Remarks 


Meteoiological Summaiy 


Local 

Mean 

Time 

Thermometer readings 

Relative 

Humid- 

ity 

Pressure 


Wet 

bulb 

Dry- 

bulb 

Differ- 

ence 

Bai om 

Att 

Thei m 

C 

Remarks 

h m 
11 09 

0 

3 0 

O 

4 0 

0 

l 0 

per cent 
85 

mm, 

740 1 

741 2 

739 4 

740 3 

0 

Clouds Cu-N, 10 





Mean 

740 2 

10 1 



*As pointed out on page 386, the mean values of the conductivity, ionic content, and specific velocity as here recorded 
are obtained on the basis of 3 sets of observations In the example on page 398, however, only one set is shown 

hj®: number of pairs of ions produced per second iu the ionization chamber due to the active material which would be de- 
posited in an air-flow of 1 c c per second 




TABLES OF RESULTS OF ATMOSPHERIC-ELECTRIC OBSERVATIONS ON 

CRUISE IV OF THE CARNEGIE. 

EXPLANATORY REMARKS. 

The following definitions will explain the meanings to be attached to the symbols at 
the heads of the tables: 

P — atmospheric pressure in millimeters of mercury, corrected for zero error of 
barometer, temperature and latitude; 

T = temperature, in degrees centigrade; 

H = relative humidity, expressed as a percentage; 
n + and = respectively, the numbers of positive and negative ions per c.c. ; 

A + andX_ = unipolar conductivities in E.s.tr. X 10 -4 , for positive and negative ions 
respectively; 

v+ and t>_ — specific ionic velocities, in centimeters per second per volt per centimeter, 
for positive and negative ions respectively; 

X = potential-gradient in volts per meter; 

i = air-earth current density in E.s.tr. X10 -7 ; 

R = rate of production of pairs of ions per c.c. per second in a closed copper 
vessel of 27 liters capacity; 

170 = number of pairs of ions produced per second, in the ionization chamber of 
the radioactive content apparatus, 3 minutes after the completion of the 
deposition, and corresponding to the active material which would be 
deposited in an air-flow of 1 c. c. per second; and 

Q = radium-emanation content in curies X10 -12 per cubic meter. Values of Q 
less than 0.05 are recorded as 0.0. There is, of course, no proportionality 
between 970 and Q, since the latter quantity involves the shapes of the 
experimental decay-curve. 

The wind strengths are estimated on the Beaufort scale, and the weather indications 
according to the U. S. Weather Bureau’s instructions for marine observers; the degree 
of cloudiness is indicated by the numbers 0 to 10. 

The quantities under the heading Q have been obtained as explained on pages 393-396. 

The decay curves for the sets of daily observations have been divided into groups of 
about 10, and the mean curve has been constructed for each group. These mean curves 
have then been used for the calculation of the corresponding values of Q. The braces 
under Q in the tables serve to indicate the periods to which correspond the values 
recorded between them. 

On December 9, 1916, the Carnegie crossed the 180-degree meridian, which explains 
why this date appears twice in the tables. 
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Table 79. — Atmospheric-Electric Results, Brooklyn to Colon, March 12-28, 1915. 


Lat 

Long 

E of Gr 

Date 

LMT 

P 

T 

H 

1 

n+ 

n_ 


X_ 

®+ 


71 — 

x + +x_ 

X 

i 

R 

Vo 

Q 

Wind 

Clouds 

Wea- 

ther 

Remarks 

o 

O 

1915 

h 

mm 

o 

"% 


















31 1 N 

288 3 

Mar 12 

9 4 

770 

16 0 

76 









151 





WNW,4 


C 


28 2 N 

288 6 

13 

9 0 

775 

17 5 

95 









194 





N,4 


c 


24 0 N 

290 3 

15 

12 0 

76721 5 

87 

568 

1 599 

1 37 

1 03 

1 71 

1 220 95 

2 40 

94 

7 5 




NE by E 


m c 


22 2 N 

293 0 

17 

12 4 

77025 5 

88 

474 

556 0 76 

1 21 

1 14 

1 550 85 

1 97 

135 

8 9 




SW,4 


c 


20 8 N 

293 3 

18 

10 1 

771 

24 8 

80 

356 

4420 65 

0 51 

1 29 

0 900 80 

1 16 

113 

4 03 83 



N by W,3 


mco 


18 3 N 

291 8 

19 

11 4 

77026 5 

85 

554 

532 

1 17 

1 13 

1 51 

1 50 

1 03 

2 30 

101 

7 7 




SE,4 


b c 

In Mona Passage 

16 8 N 

289 5 

20 

11 9 

77028 5 

82, 

725 

503 

1 38 

1 08 

1 35 

1 52 

1 44 

2 46 

88 

7 2 




SE,3 


b c 


15 4 N 

287 5 

21 

9 2 

76928 4 

82 

590 

572 

0 72 

0 54 0 87 

0 67 

1 03 

1 26 

115 

4 8 

2 84 



E,4 


b c 


13 6 N 

284 8 

22 

9 8 




482 

398 

0 96 

0 32 

1 41 

0 59 

1 21 

1 28 

93 

4 0 




ENE,4 


c 


12 2 N 

282 7 

23 

10 5 

76726 6 

84 

258 

2750 36 

0 39 

1 000 99 

0 94 

0 75 

85 

2 1 

3 08 





z e 

After rain 


Table 80. — Atmospheric-Electric Results, Balboa to Honolulu, April 18-May 20, 1915. 


0 

0 

1915 

66 N 

280 0 

Apr 13 

57 N 

279 8 

14 

27 N 

278 3 

16 

22 N 

276 6 

17 

24 N 

274 0 

18 

22 N 

272 0 

19 : 

29 N 

267 5 

21 

35 N 

264 8 

22 

47 N 

264 0 

23 

45 N 

263 9 

24 

38 N 

264 8 

25 

4 2 N 

263 6 

26 

48 N 

262 2 

27 

SON 

260 6 

29 

8 4 N 

260 0 

30 

85 N 

258 2 

May 1 

9 7 N 

255 7 

2 

10 3 N 

253 8 

3 

111 N 

247 9 

5 

11 8 N 

245 1 

6 

12 7 N 

242 2 

7 

13 6 N 

239 6 

8 

146 N 

236 3 

9 

157 N 

233 0 

10 

16 8 N 

230 3 

11 

181 N 

224 3 

13 

189 N 

221,6 

14 

19 7 N 

218 5 

15 

19 8 N 

215 8 

16 

20 5 N 

212 6 

17 

211 N 

206 7 

19 

21 4 N 

203 8 

20 


h mm ° 

9 7 75828 
9 6 75830 
9 5 757 29 
9 7 75929 
9 4 757 29 

10 0 75829 
9 5 75828 
9 5 759 28 
9 6 75829 

9 7 759 29 
9 7 76129 

11 6 75928 

10 0 75928 
9 5 75928 
9 3 75731 
9 4 75732 
9 4 75731 
9 8 75931 
9 6 75830 
9 4 759 27 
9 7 76125 
9 1 76326 
9 4 76425 
9 3 76424 
9 8 76323 
9 3 76325 
9 4 76225 
9 3 763 25 
9 1 76326 
9 7 76326 

| 9 5 76424 
9 0 762 25 


5 86 586 7340 97 

5 71 685 5001 11 

6 75 429 3510 66 
0 80 711 6301 09 

6 73 830 6501 21 

2 70 584 4200 90 

3 80 

5 82 720 514 1 07 

7 791194 7241 96 
0 76 746 7161 83 
3 77 940 8271 58 
3 76115211492 08 
5 82117310382 45 
5 82 917 8842 02 
3 72 967 547 1 89 
5 69129912421 73 
0 77 805 9211 10 

8 72 562 4650 91 
0 73 653 6021 42 

5 82 807 8561 94 

2 88 846 903 1 90 

6 731037 780 2 09 

3 671016 9601 90 
0 66 878 7951 44 

7 71 87811141 58 

8 55 808 9212 03 
5 64100611121 82 
3 73 954 8591 54 
0 71 950 8181 65 
0 751019 7982 00 
2 84 61111621 42 
2 81 852 8541 41 


0 911 170 880 80 ! 
0 981 151 381 37 1 

0 68 1 05 1 37 1 22 : 

1 02 1 09 1 25 1 13 : 
1 141 031 251 28 ! 
1 151 091 941 39 : 

0 81 1 05 1 13 1 40 

1 691 181 651 65 
1 561 741 661 03 

0 961 200 821 14 

1 841 301 141 00 
1 57 1 48 1 06 1 13 

I 1 681 561 351 03 
1 591 392 051 77 
1 81 0 94 1 04 1 03 
0 660 960 510 87 

0 541 160 831 21 

1 061 601 241 09 
1 641 711 360 94 
1 761 641 380 94 
1 581 431 491 33 
1 461 321 081 06 
1 141 161 021 10 
1 471 310 940 79 
1 861 801 43 0 88 
1 721 281 100 91 
1 681 141 391 11 
1 661 231 441 16 
1 621 391 521 28 
1 431 780 87 0 53 
1 351 171 121 00 


100 6 3 
14610 23 41 l 
171 7 63 58 
114 8 03 44 J 
82 6 43 86 i 
88 6 03 40 : 
141 3 46 ! 

21213 33 51 : 
9010 93 48 ! 
11112 53 48 : 
14011 83 87 i 
17522 93 75 
11215 03 78 < 
9311 53 72 : 
11313 13 48 ' 
9311 03 43 : 
169 9 93 74 
162 7 83 97 ( 

109 9 03 68 : 
10212 14 04 

67 8 24 25 : 
11514 03 92 : 
108 12 1 4 40 

110 9 53 90 
97 9 93 83 

12215 84 02 
; 12414 63 67 
! 10210 93 82 
, 9710 73 77 

! 15118 23 82 
I 100 9 53 94 
I 81 7 43 86 


WNW,3 

Calm 

NE by E,1 
SSE.2 
SSE,3 
ssw 

,8,3 
WSW.3 
SSW, 2 
wi 8,2 
Calm 
Calm 
SSW, 3 
W by N,2 
E,1 
E,2 
E,4 

1 NE,2 
N by E,4 
NNE.4 
NNE,4 
NNE,3 
NE by N,5 
NE.4 
E by N,3 
E,5 
E,4 

. 8ESE.4 
E by N,3 
ENE.3 
E by N,4 
E by N,4 


Variable wind 


Rolling heavily 
25° roll 


Ram near by 


Table 81.- 


- Atmospheric-Electric Results , Honolulu to Dutch Harbor , July 4.-19 , 1915. 


O 1915 
201 4 July 4 


10 9 5 

11 9 4 

12 9 7 

13 9 5 


17 9 6 

18 9 6 


76625 6 
767 25 5 
76723 7 
76623 2 
76523 0 
76018 5 
76317 5 
76715 4 
77312 0 
77514 6 
77214 0 
76813 0 
76411 0 
764 9 7 


68 661 ' 
67 772 , 
75 788 i 
74 878 
87 872 
96 651 
82 790 
79 620 
941079 
66 874 
70 890 
90 798 
95 314 
94 1156 


1 46 

0 402 300 51 

1 01 

1 86 

1 19 

0 52 

1 280 460 87 

1 71 

1 69 

1 41 

1 58 

1 79 

1 38 

3 10 

1 92 

1 57 

1 74 

1 70 

1 20 

3 49 

1 43 

1 18 

1 16 

1 16 

1 21 

2 61 

1 44 

1 20 

1 57 

1 60 

1 20 

2 64 

n 73 

1 30 

1 58 

1 43 

1 23 

3 03 

il 00 

0 71 

1 16 

1 30 

1 61 

1 71 

>1 95 

1 57 

1 28 

1 52 

1 47 

3 52 

LI 38 

1 26 

1 12 

1 50 

1 45 

2 64 

il 28 

1 33 

1 02 

1 53 

1 45 

2 61 

n 51 

1 35 

1 34 

1 48 

1 22 

2 86 

0 56 

0 501 04 



1 06 

51 42 

1 500 87 

1 241 32 

2 92 


03 88 0 88 
03 90 0 74 
8 4 44 0 53 
4 38 

64 11 0 29 
53 91 

i 5 4 02 1 30 ' 
33 99 

03 69 1 57 
8 

2 2 64 

83 89 0 74 
33 84 

i 33 88 1 17 


NE by N.2 CI-CU5 


SW by S,4 Cl 6 
„ N,5 


CU -N 
CU-N10 

Cl ,CU -N 10 

CU -N 10 


Heavy roll and 
pitch 

Sun, choppy sea 
Sun, smooth sea 

Sunshine, clear 
30° roll 

Sun at times 
Rough sea 
Ram at times 
Smooth sea 
Smooth sea 

Sun at times 
Heavy sea 
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Table 82. — Atmospheric-Electric Results, Dutch Harbor to Lyttelton, August 6-November 2, 1915. 


Lat j 

Long 

3 of Gr ' 

Date l 

iH T j 

P 

T 1 

B i 

' 

n_ 

K 

X- 

®+ 1 

i 

o- * 

* > 
n- 

4-+X_ . 

X 

l 

R 

TJO 

Q 

Wind 

Clouds 

Wea- 

ther 

Remarks 

0 

0 

1916 

h 7) 


O 1 

% 


















560 N 

192 3 A 

aig 6 

10 5 7 

561 

0 5 

96 



1 26 

1 34 




2 60 

85 

7 43 

\ 89 



VSW,6 ( 

3U -N 10 

o f m 

Extremely damp 

57 4 N 

193 2 

7 

9 1 1 

53 

9 2 

96 

780 

631 

1 54 

1.261 

. 461 

421 

24 

2 80 1 

.531 

.4 43 

t 90 


£ 

>E,1 


olO 

Damp 

581 N 

193 0 

8 

9 3 7 

'56 

8 0 

96 

566 


0 83 

1 

. 04 


. 

2 

519 

a 

t 92 


I 

sTNW,7 


oq 

Rough, sea 

57 9 N 

190 6 

9 

11 6 7 

r 60 

9 4 

95 

945 

812 

1 36 

1 

. 02 

1 

, 16 

] 

.30 

2 

t 86 


£ 

5SW.3 


o d q 

Intermittent ram 

591 N 

188 1 

10 

10 9 7 

r 58 

9 0 

92 

728 

478 




1 

. 52 

3 

L94 

* 

5 90 

4 72' 

I 

sTNW 1 

ST ,CI 

c 4 

Sun , heavy swell 

59 4 N 

187 2 

11 

10 4 7 

r52 

8 5 

91 

986 

785 

1 97 

1 591 

. 421 

, 441 

. 26 

3 56 ] 

Lll 3 

L3 0* 

5 94 


1 

WE.5 


o 10 


58 8 N 

183 1 

12 

10 4 7 

761 

9 1 

831 

.020 

801 

1 80 

1 261 

L 251 

. 131 

. 27 

3 06 ] 

L48] 

L5 1* 

3 87] 

L4 90 

1 

STWby W,7 ( 

31 ,n 4 

c 4 

Sunshine 

57 4 N 

179 6 

13 

9 6 7 

763 

9 9 

881 

.084 







] 

L49 


3 92 



VNW,4 ( 

31 ,CU 6 


Clear 

55 6 N 

175 3 

16 

10 2 7 

7681 

LI 0 

88 

913 

670 

1 06 

0 66 ( 

) 82 C 

> 701 

. 36 

1 72 2 

208: 

L2 0* 

3 79 2 

22 19 


Variable 


b 

Vessel becalmed 

53 7 N 

172 8 

17 

8 8 ' 

7651 

LI 0 

88 

694 

476 

1 35 

1 03] 

L 301 

. 541 

. 46 

2 38 : 

L80; 

L4 3* 

3 84 

4 62 

£ 

3E,6 < 

3U ,CI -S 

b e 

Heavy sea 

49 6 N 

168 3 

20 

9 5 ' 

757! 

L2 0 

99 

456 

369 

1 22 

0 93: 

L 711 

. 79] 

L 24 

2 15 : 

L32 

9 5c 

3 80 


8 0 1 

raw, 3 


f m 

Sun at times 

48 2 N 

168 4 

21 

10 2 

757: 

L3 3: 

100 

376 

351 

0 50 

1 05 ( 

3 702 

\ 12] 

L 07 

1 55 

83 

4 3* 

3 90 

5 84 

< 

Calm 


o f m 


46 9 N 

166 3 

22 

11 0 

759: 

L4 0 
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Table 83 — Atmospheric-Electric Results , Lyttelton to South Georgia , and Return to Lyttelton , 

December 7, 1915-March 81 , 
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DISCUSSION OF RESULTS OF CRUISE IV OF THE CARNEGIE. 

The present compilation and discussion concerns itself primarily with the Carnegie’s 
fourth cruise, but in so far as it includes a comparison of the data with those of former 
observers, it also serves as a general review of the present status of ocean atmospheric- 
electric observations. 

The results for the daily determinations of the various elements are recorded in Tables 
79-83, each table corresponding to one leg of the cruise. Apart from the observations on 
the diurnal variations, the measurements were always taken about the same time of day. 
The times recorded in the tables, which are local mean times, refer to the mean times during 
the determinations of the potential-gradient, conductivity, and ionic content, and the 
mean of these times for the whole cruise through March 1916 is 9 h 7. The observations 
for the three elements referred to extended over a period of about three-quarters of an hour, 
the collection of the active material occurring during the last half hour of the period, or 
occasionally after the completion of the period. The measurement of the penetrating 
radiation followed immediately after the determination of the other elements, and it will be 
sufficient to look upon the determinations of this element as corresponding to a mean time 
one hour later than the times recorded in the tables. The observations for the diurnal 
variations are not shown in the tables, but will be discussed separately. 


Table 84 — Mean Values of Atmospheric-Electric Elements , Uncorrected for Dirunal Variation 


Leg of Cruise 

n + 

n_ 

71— 


X_ 

v+ 

V- 

(I s ) 

% 

(e s u xnrq 

R 

Radium 
Emanation 
( curies Xl0” 12 \ 
V m3 y 

(ESTJ xl0-‘) 

(—/ 

\sec 1 

volt \ 
cm / 

Brooklyn-Colon . 

501 

485 

1 03 

0 92 

0 78 

1 28 

1 12 

117 

5 8 

3 2 


(March. 9-March 24,1915) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

GO) 

(8) 

(3) 


Balboa-Honolulu 

859 

801 

1 12 

1 57 

1 36 

1 31 

1 25 

119 

11 2 

3 8 

4 0 

(April 12-May 21, 1915) 

(31) 

(31) 

(31) 

(31) 

(31) 

(31) 

(31) 

(32) 

(31) 

(31) 

(31) 

Honolulu-Dutch Harbor 

782 

642 

1 28 

1 43 

1 13 

1 36 

1 32 

121 

9 9 

4 0 

1 5 

(July 3-July 20, 1915) 

(15) 

(13) 

(13) 

(14) 

(14) 

(14) 

(13) 

(15) 

(14) 

(13) 

GO) 

Dutch Harbor-Lyttelton 

853 

698 

1 24 

1 52 

1 29 

1 28 

1 34 

120 

10 7 

3 7 

3 2 

(Aug 4-Nov 2, 1915) 

(71) 

(67) 

(67) 

(68) 

(66) 

(67) 

(65) 

(72) 

(66) 

(71) 

(57) 

Lyttelton-S. Georgia 

797 

623 

1 31 

1 41 

1 11 

1 32 

1 31 

143 

11 3 

4 0 

1 

(Dec 6, 1915-Jan 12,1916) 

(20) 

(21) 

(20) 

(23) 

(23) 

(20) 

(20) 

(24) 

(22) 

(22) 

1 04 

S Georgia-Lyttelton 

838 

706 

1 20 

1 47 

1 21 

1 28 

1 24 

120 

10 7 

3 9 

(48) 

(Jan 15-Apr 1, 1916) 

(44) 

(42) 

(42) 

(39) 

(39) 

(37) 

(36) 

(47) 

(39) 

(45) 

J 


The mean values of the quantities for each passage of the cruise are recorded in Table 84. 
The n umb er of daily sets of observations involved in the determination of each mean is 
shown by the figures in parentheses, and in taking the means, each observation has been given 
equal weight. This was felt to be the fairest plan on the whole, since any attempt to weight 
the observations according to such conditions as the extent of the roll of the ship, for 
example, would implicitly involve attaching smallweight to those observations corresponding 
to bigb strengths of wind. One set of computations was carried out for the first three rows 
in Table 84, w eighting the observations according to the magnitude of the leak correction, as 
the deter mina tion of this correction seemed to be one of the main sources of error in the 
earlier sets of observations, although the correction was usually zero in the later observa- 
tions. Only in the case of the voyage from Brooklyn to Colon, for which there were very 
few values, and where the means were largely controlled by one or two abnormal values, 
was any appreciable difference produced in the mean by this method of treatment. 

Although, in view of the wide range of variation in the Atlantic-Oeean values of the 
conductivity and ionic content (see Table 79), no great weight is attached to these values 
as representative of normal conditions, it must be pointed out that the close agreement 
406 
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of the values of v+and with those obtained from the otherpassages of the cruise is evidence 
in favor of the reliability of the observations. It is further worthy of notice that, of the 
Atlantic-Ocean values recorded in Table 84, more than half were obtained in the land- 
locked Caribbean Sea, and the remainder just to the north of the W est Indies. The results, 
therefore, while abnormal as Atlantic-Ocean values, are in harmony with those of the 
Carnegie’s first and third cruises 1 in indicating low values for the ionic content and con- 
ductivity in the regions of transition between sea and land. 

The desirability of basing the potential-gradient reduction factors on several deter- 
minations made under different conditions has already been emphasized on page 382. It is 
not often tha t one can find a location which, from a topographical point of view, is suitable, 
and on this account the reductions of the potential-gradients to absolute values have been 
made, thus far, on the basis of only one set of determinations of these factors, made in Colon 
Harbor, April 2, 1915. Thus the absolute values may be liable to some change as the 
accumulation of other determinations renders available more reliable values of the reduc- 
tion factors. There is, however, no reason to believe that any considerable error attaches to 

the present factors. . 

On glancing at Table 84, it appears that, with the exception of the values of the con- 
ductivity and ionic content for the Atlantic Ocean, there is a much greater uniformity in 
the values of the various elements at different parts of the globe than is the case with land 
values. In support of this remark Tables 86—89 and Table 92 are given, showing a 
collection of land values obtained at different times and in different localities. 


Table 85 — Mean Values of Atmosphenc-Eleclric Elements Corrected for Diurnal Variations 


Ocean 

n + 

n_ 

n + 


X_ 

”1- 


X 

/ volt\ 

X 

(E S U XHT 7 ) 

R 

Radium 
Emanation 
/ curies Xl0“ 12 \ 

\ m> J 

n_ 

(ESC XKT*) 

/cm /volt\ 
\sec ' cm/ 

Kur) 


Pacific 

811 

692 

1 21 

1 46 

1 24 

1 30 

1 31 

109 

9 4 

3 8 

3 3 

Sub- Antarctic 

792 

651 

1 23 

1 39 

1 12 

1 29 

1 26 

119 

9 9 

3 9 

0 4 

Mean for Pacific and sub- 
Antarctic 

802 

672 

1 22 

1 42 

1 IS 

1 30 

1 28 

114 

9 6 

3 8 

1 8 

Direct mean of all observa- 
tions in Pacific and sub- 
Antarctic 

804 

677 

1 22 

1 44 

1 19 

1 30 

1 30 

113 

9 5 

3 8 

2 2 j 


The more complete discussion of the diurnal variation over the ocean is taken up 
below, but it will be desirable here to anticipate, to some extent, the results for the purpose 
of reducing the observations to the daily mean values. This reduction has been made in 
Table 85, in which the quantities have been grouped into two sets— those corresponding 
to observations on the Pacific Ocean over the course Balboa-Honolulu-Dutch Harbor-Port 
Lyttelton, and those corresponding to the circumnavigation cruise in the sub-Antarctic 
Oceans between latitudes 50° and 60° south. For brevity, the former group is designated 
“Pacific” group, the latter “sub- Antarctic” group. Taking the case of the quantity n + 
for the purpose of illustrating the nature of the reduction, the mean value of all the times 
of determination for the “Pacific” values was 9 h 6, the diurnal-variation observations 
themselves being omitted, and the mean value of «_ corresponding to the time 9 h 6 was 
845. The daily mean value of w+ 2 and the 9 h 6 value as obtained from the diurnal-varia- 
tion curve were respectively 810 and 840, so that multiplying 845 by 810/840 we obtain the 
daily mean value 811 recorded in Table 85. 

This method of procedure depends on the assumption that the diurnal-variation curves 
are of the same form for the two portions of the cruise referred to, but it appeared on draw- 


*oee pages oo# ana oso , ,, 

2 The mean time throughout the Pacific and sub-Antarctic cruises, of all the determinations of wandl, omitting the 
diurnal-variation observations themselves, was 9 b 7 It is of interest to point out that the values 838 and 123, which corre- 
spond to the mean 9 h 7 values of and X for the whole cruise from Balboa onwards are comparatively near to the values 
840 and 130 as obtained for this time from the diurnal-variation curves themselves 
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ing the curves for these two sections, making use of such observations as were available, 
that this assumption was approximately justified. If an attempt were made to utilize 
the diurnal-variation curves for separate sections of the cruise, it would involve using curves 
in which the form was determined by observations on a comparatively small number of 
days, and such a procedure was not deemed desirable. In any case, the use of the mean 
diurnal-variation curve for the whole period involved is roughly justified for the correction 
of the mean values over that period. The diurnal-variation curves were obtained only for 
X, n+, and 22, and in the reductions made in Table 85, it has been assumed, as an approxima- 
tion, that the form of the curve would be practically the same for n + as for n_,\ + , and X_. 
This assumption is, of course, only a rough approximation, for, among other things, it 
attributes no diurnal variation to n + /n_; but, as will readily be appreciated, it was not 
practicable to carry out complete diurnal-variation determination of all the elements. 

In Table 85, the Atlantic-Ocean values from Brooklyn to Colon have been omitted 
because it is felt that the observations there were too few in number to render them char- 
acteristic of the whole ocean. Further, as already stated, the vessel was relatively near 
land when these observations were taken, so that from this standpoint also the data can 
hardly be considered as typical of ocean values. As a matter of fact, the inclusion of these 
values in the total means would hardly affect the result in view of their small number. 
It will be seen that there is no marked difference between the means for the Pacific and sub- 
Antarctic Oceans, and, indeed, the quantities representing the mean of the mean values for 
each of these regions are sensibly the same as the direct means for the whole set. 

It is of interest to compare the values recorded in Table 85 with mean values obtained 
by other observers, on land and sea. Tables 86-92 contain a collection of values obtained 
by various observers in different localities. They have been drawn largely from pages 
205-209, and page 255 of the article by E. von Schweidler and K. W. F. Kohlrausch on 
“ Atmospharische Elektrizitat und des Magnetismus” (a section from vol. 3 of “Handbuch 
der Elektrizitat und des Magnetismus,” edited by L. Graetz) . Some of the values recorded 
as land values were really measured over lakes, but except in the case of lakes of large 
area, the characteristics which control such measurements may reasonably be supposed to 
be those of the land. 

COLLECTION OF LAND AND OCEAN VALUES OF ATMOSPHERIC-ELECTRIC ELEMENTS AS 
OBTAINED BY VARIOUS OBSERVERS IN DIFFERENT LOCALITIES. 


Table 86 — Ionic Content ( Land Values) 


Observer 

Place 

Period 

n+ 

n_ 

n+ 

n- 

References 

Ludeling 

Swmemunde 

1904 

583 

458 

1 27 

Ergebmsse der Met Beob m Potsdam, 1902, p 1,1905 

Liidehng 

Potsdam 

1904 

770 

625 

1 23 

Do 

Schweidler 

Seewalchen (Up Austria) 

1904 

937 

792 

1 18 

Wien Ber , vol 113, p 1433, 1904 

Schweidler 

Mattsee (Salzburg) 

1905 

728 

604 

1 21 

Wien Ber , vol 114, p 1705, 1905 

Ebert 

Mumch 

1905 

1103 

875 

1 26 

Phys Zeit , vol 6, p 614, 1905 

Ebert 

Jachenau (Up Bavaria) 

1905 

1271 

1625 

0 78 

Do 

Simpson 

Karas j ok (Lapland) 

1904 

792 

687 

1 15 

Phil. Trans R Soc A, vol 205, p 61, 1905 

Gockel 

Freiburg (Switz ) 

1904-05 

708 

521 

1 36 

Met Zeit, vol 23, p 53 and 539, 1906; vol 25, p 9, 
1908 

Wagner 

Kalocza (Hungary) 

1909 

1083 

832 

1 30 

Wien. Ber , vol 118, p 1625, 1909 

Hess and von 

On the Danube, near 

1909 

792 

708 

1 12 ; 

Wien Ber , vol. 120, p 139, 1911 

Sensei 

Dorno 

Daunderer 

Vienna. 

Davos 

Aibling (Bavaria) 

1907-10 

Summer 1906 

198 

1062 

854 

1 24 

Licht und Luft un Hochgebirge, Braunschweig, 1911 
Phys Zeit , vol 10, p 113, 1909 

Speranski 

Moscow 

1906-10 

708 

625 

1 13 

Met Zeit , vol 29, p 557, 1912 

Kohlrausch 

Seeham (Salzburg) 

Summer 1912-13 

646 

625 

1 03 

Wien Ber , vol 123, 1914. 

Berndt 

Amazon 


375 

354 

1 06 

Met Zeit , vol. 31, p 446, 1914 

Dobson 

Kew 

1911-12 

438 

321 

1 37 

Geophysical Memoirs No 7, vol 1, p 167, 1914 The 

Dobson 

Eskdalemuir 

1911-12 

358 

183 

1 96 

values given have, however, been corrected to corre- 
spond to the value 4 8X1CT 10 , E s U. for the 
electronic charge 

Do 
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Penod 


X_ 

X + -f-X_ 

References 

(k s 

u X10 4 ) 

1901-03 

1 4 

1 3 

2 7 

Phys Zeit , vol 4, p 271, 1903 

1906 



2 3 

Gottingen Nachr Ges Wiss , p 84, 1907 

Summer 1902 

1 0 

1 0 

2 0 

Wien Ber , vol 111, p 1463, 1902 

Summer 1903 

1 6 

1 6 

3 2 

When Ber , vol 112, p 1501, 1903 

Summer 1904 

1 6 

1 3 

2 9 

Wien Ber , vol 113, p 1433, 1904 

Summer 1905 

1 4 

1 5 

2 9 

Wien Ber , vol 114, p 1705, 1905 

Summer 1906 

2 4 

2 3 

4 7 

When Ber, vol 115, p 1269, 1906 

Summer 1907 

1 8 

1 5 

3 3 

Wien Ber , vol 118, p 91, 1909 

Summer 1908 

1 6 

1 4 

3 0 

Do 

Summer 1910 

1 7 

1 6 

3 3 

Wien Ber , vol 119, p 1839, 1910 

Summer 1911 

1 6 

1 6 

3 2 

Wien Ber , vol 121, p 1297, 1912 

Summer 1912 

1 4 

1 4 

2 8 

Do 

1909-10 

0 4 

0 4 

0 8 

Veroff Kgl Preuss Met Inst 1910, No 223 

1911 

0 5 

0 5 

1 0 

Phys Zeit , vol 12, p 1125, 1911 

1910 

1 5 

1 3 

2 8 

Licht und Luft im Hochgebirge, Braunschweig, 

1910 



3 0 

Gottingen Nachr Ges Wiss , part 1 , 1912 

1909 



5 8 

Phil Mag (6) vol 19, p 723, 1910 

1906-07 



1 1 

Proc R Soc A, vol 80, p 546, 1908 

1909 



0 4 

Edinburgh Proc , vol 30, p 460, 1909-10 

1909 



0 4 

Miinch Ber , p 305, 1911 

Summei 1909 

0 7 

0 7 

1 4 

Wien Ber , vol 122, p 1817, 1913 

Summei 1913 

1 4 

1 5 

2 9 

Do 

Summei 1912 

1 0 

0 9 

1 9 

Wien Ber , vol 123, 1914 

j 1913-14 

0 4 

0 3 

0 7 

Met Zeit , vol 31, p 44C, 1911 


Observer 


Czermak 

Gerdien 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Schweidler 

Kahlei 

Berndt 

Dorno 

Ansel 

Simpson 

Wilson 

McOwan 

Lutz 

Thaller 

Thaller 

Kohlrausch 

Bei ndt 


Place 


Innsbruck 

Gottingen 

Mattsee (Salzburg) 

Mattsee (Salzburg) 

Seewalchen (Up Austria) 

Mattsee (Salzburg) 

Ossiachersee (Carintkia) 

St Gilgen (Salzburg) 

Seeham (Salzburg) 

Seeham (Salzburg) 

Seeham (Salzbuig) 

Seeham (Salzbuig) 

Potsdam 

Argentina 

Davos 

Iceland 

Simla (India) 

Peebles (Scotland) 

Edinburgh 

Munich 

Gmunden (Up Austria) 
Griinau (Up Austria) 
Seeham (Salzburg) 
Amazon 


Table 88 — An -Earth Current-Density (Land Values) 


Observer 

Place 

Period 

i 

(e s u X10" 7 ) 

Ebert 

Locality of Munich 

1901 

5 1 

Wilson 

Peebles (Scotland) 

1906-07 

6 6 

Gerdien 

Gdttingen 

1906 

8 1 

Simpson 

Simla (India) 

1909 

5 4 

Lutz 

Munich 

1909 

3 0 

Kahlei 

Potsdam 

1909-11 

7 1 

Carse and McOwan 

Edinbuigh 

1909 

4 2 

Ansel 

Iceland 

1910 

9 0 

Dorno 

Davos 

1910 

5 1 

Schweidler 

Seeham (Salzburg) 

1912 

8 3 

Gockel 

Freiburg (Switz ) 

1913 

9 5 


References 


Phys Zeit , vol 3, p 338, 1902 
Proc R Soc A, vol 80, p 537, 1908 
Gottingen Nachr Ges Wiss , p 84, 1907 
Phil Mag (6) vol 19, p 715, 1910 
MUnch Ber , p 305, 1911 
Ver6ff d. Kgl Preuss Met Inst , No 223, 
p 30, 1910, Phys Zeit, vol 13, p 216, 1912. 
Edmb Proc , vol 30, p 460, 1910 
Gottingen Nachr Ges Wiss , part 1, 1912 
Licht und Luft im Hochgebnge, 1911 
Wien Ber , vol 122, p 137, 1913 
Arch scienc phys et nat , vol 35 to 37 


Table 89 — Specific Velocities (Land Values ) 


Observer 

Place 

Period 

v+ 


References 

/ cm /volt\ 
\see ' cm J 

Gerdien 

Mache and Schweidler 

Gockel 

Daunderer 

Kohlrausch 

Gottingen 

Seewalchen (Up Austria) 
Freiburg (Switz ) 

Aibling (Bavaria) 

Seeham (Salzburg) 

1903 

1904 

1907 

1906 

1912-13 

1 36 

1 02 
/ 0 90 
\ 1 20 

0 94 

1 05 

V; '. v : - 

■Bifi 

Phys Zeit , vol. 4, p 632, 1903 

Phys Zeit., vol 6, p 71, 1905 

Met Zeit , vol 25, p 9, 1908 

Phys Zeit , vol 10, p 113, 1909. 

Do 
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Table 90 — Ionic Content {Ocean Values) 


Observer 

Period 

Sea or Ocean 

71+ 

71- 

n+ 

n 

References 

Boltzmann 

1905 

Atlantic 

812 

562 

1 44 

Phys Zeit , vol 6, p 132, 1905 

Lmke 

1906 

Pacific 

458 

375 

1 22 

Gottingen Nachr Ges Wiss , 1906 

Eve 

1907 

Atlantic 

687 

562 

1 22 

Phil Mag , vol 13, p 248, 1907 

Pacmi 

1908 

Mediterranean 

895 

583 

1 53 

Nuov Cim , vol 15, p 5, 1908 

Simpson and Wright 

1910 

Atlantic and Pacific 

770 

646 

1 19 

Proc R Soc. A, vol 85, p 175, 1911 

Berndt 

1911 

Atlantic 

687 

562 

1 22 

Phys Zeit , vol 12, p 857, 1911 

Knoche 

1912 

Pacific 

1000 

1000 

1 00 

Phys. Zeit , vol 13, p 322, 1912 

Berndt 

1913 

Atlantic 

583 

417 

1 40 

Met Zeit , vol 30, p 606, 1913 


Table 91 — Conductivity { Ocean Values) 


Observer 

Period 

Sea or 
Ocean 


X- 

References 

(E S XT X10“ 4 ) 

Dike (Galilee) 

1907-08 

Pacific 

1 60 

1 43 

Terr Mag , vol 13, p 119, 1908 

Kohlrausch 

1908 

Atlantic 

1 10 


Sitz d Kgi Ak Wien , vol 118, 2a, 1909. 

Kidson (Carnegie) 

1909-10 

Atlantic 

1 85 

1 58 

Terr Mag , vol 15, p 83, 1910 

Kidson (Carnegie) 

1910-11 

Atlantic 

1 62 

1 29 

Terr Mag , vol 19, pp 162-170, 1914. 

Kidson (Carnegie) 

1911 

Indian 

2 31 

1 97 

Do. 

Knoche 

1911 

Pacific 

0 08 


Phys Zeit , vol 13, p 322, 1912 

Angenheister 

1911 

Red 

1 00 


Gottingen, Nachr. Ges Wiss , 1914 

Angenheister . 

1911 

Indian 

1 62 

1 32 

Do. 

Johnston (Carnegie) 

1912 

Pacific 

1 39 

1 10 

Terr Mag , vol. 19, pp 162-170, 1914 

Hewlett (Carnegie) 

1912-13 

Pacific 

1 40 

1 13 

Do 

Hewlett (Carnegie) 

1913 

Atlantic 

1 91 

1 58 

Do. 

Johnston (Carnegie) 

1914 

Atlantic 

1 36 

1 16 

Terr Mag , vol. 20, pp 46-47, 1915 


POTENTIAL-GRADIENT. 

Table 92 shows a collection of land results for the daily mean values of the potential- 
gradient corresponding to the whole year, as obtained in different Tablb 92 _ Dmly Mgm Y ^ & 


of the Potential-Gradient Cor- 
responding to the Whole Year 
{Land Values) * 


localities. The mean of these values is 151 volts per meter, and 
the value 113 volts per meter recorded in Table 85, as the mean 
value for the Pacific and sub-Antarctic is of the same order 
of magnitude, though somewhat smaller. Only on three occasions 
during the whole cruise were negative potential-gradients ob- 
served. These negative values have been omitted in taking 
the means. 

As regards ocean values obtained by other observers, these 
are not very numerous, for many who have made measurements 
of the potential-gradient on the sea have obtained only relative 
values. Johnston 1 obtained the value 93 volts per meter on the 
third cruise of the Carnegie in the North Atlantic Ocean in 1914; 

Simpson and Wright 2 obtained, in the South Atlantic and 
South Indian Oceans, values which appear to show a minimum 
of about 80 volts per meter in the neighborhood of 12 noon. 

Angenheister 3 found values ranging from 81 to 112 volts per 
meter in the Red Sea, and values ranging from 75 to 97 volts 
per meter in the Indian Ocean, while as early as 1907, Dike, 4 
observing on the Galilee, in the Pacific Ocean, came to the con- 
clusion that the potential-gradient was of the order of magnitude of 90 volts per meter. 


Place 

Potential- 

Gradient 

volt/m. 

Kew 

304 

Kremsmunster 

106 

Tnest 

75 

Karasjok 

139 

Munich 

167 

Potsdam 

239 

Batavia 

120 

Perpignan 

55 


*See E von Schweidler and 
K W F Kohlrausch Article on 
Atmosphdrische Elektrizit&t (a sec- 
tion from volume 3 of “Handbuch 
der Elektrizitat und des Magne- 
tismus”), p. 247, the value for 
Kew has, however, been altered in 
accordance with Phil Trans R 
Soc A, vol 215, p 140, 1915 


^ee page 373. 


2 Proc. R Soc. A, vol 85, p 175, 1911 


*Gt)Umge7i Nach Ges TFtss , 1914 


4 See page 364 
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CONDUCTIVITY. IONIC CONTENT. AND AIR-EARTH CURRENT-DENSITY. 

Turning now to tlie conductivity, ionic content, and air-earth, current-density , the results 
recorded by other observers correspond frequently to all sorts of different times of the year 
and periods of the day, especially in the case of ocean values. Tables 86-89 show a collec- 
tion of land values, while Tables 90 and 91 show a collection of ocean values. The means 
of these values are collected in Table 93, and the corresponding quantities from Table 85 
have been added for comparison. 


Table 93 —Comparison of former Land and Ocean Values with the Ocean Values of Crmse IV 





n+ 

X 

f 

X_ 



i 

Nature of observations 

n + 

n_ 

n_ 




Arm / 

volt \ 

(ebu X10“ 7 ) 





(E 

s xr xio-q 

/cm/ 
\sec ' 

cm / 


Mean of land observations obtained by various ob- 
servers * 

737 

668 

1 23 

1 

30 

1 23 

1 08 

1 22 

6 5 

Mean of ocean values for the fourth cruise of the 
Carnegie 

804 

677 

1 22 

1 

44 

1 19 

1 30 

1 30 

9 5 

Mean of former ocean values obtained by various 
observers 

736 

588 

1 28 

1 

44 

1 20 





The observations for v _ r and v _ , and for i, other than those of the present cruise, are too 

few in number to afford means for the table. ,, 

It will be seen that the present values of the ionic content are shghtly higher than the 
means from other observers on the ocean and the mean of the land values. A glance at 
Tables 86 and 90 will, however, show that the means for other ocean observers and for land 
observations are means of relatively small numbers of widely differing quantities. On the 
other hand, as already stated, there is a remarkable constancy m the values of the ionic 

numbers as obtained throughout the present cruise. , 

The very close agreement will be noted between the values oi and A_ tor tne 
Carnegie’s fourth cruise and those of former observers on the ocean. 

It is of interest to compare the present values of A + and \ 7 with the values obtained by 
former observers on the Carnegie and Galilee . We can do this only for the Pacific Ocean, 
since as already stated, the fourth cruise values for the Atlantic Ocean are probably 
abnormal. The Pacific-Ocean values of \+ and A _ as obtained on the former cruises of the 
Carnegie and Galilee are contained in Table 91. They vary somewhat, but the mean values 
A =1 46X10 -4 ES.TJ, and A_ = 1.22X10~ 4 e.su. are in remarkable agreement with 
the corresponding values 1.46X10" 4 e.s.u. and 1.24X10" 4 e.s.u. given in Table 85 as 
the mean Pacific-Ocean values for the Carnegie’s fourth cruise. 

Practically the only ocean value of the air-earth current-density with which to 
compare the present results is the value 7.7 X 1(T 7 e.s.u. obtained by Johnston on the third 
cruise of the Carnegie. The latter value was, however, obtained mthe North Atlantic Ocean. 

The value of the air-earth current-density for the Carnegie’s fourth cruise is con- 
siderably greater than the average land value; a rather curious circumstance with reference 
to the land values must, however, be noted. The mean of 8 land values of the potential- 
gradient as obtained from Table 92 is 151 volts per meter, and the mean of 24 land values of 
A + +A_ as obtained from Table 87 is 2.4X1CT 4 e.s.u.; we should thus expect the mean 
air-earth current-density to he in the neighborhood of 2.4X10 X 1.51/300, i.e., 12X10 
e.s.u. On the other hand, the mean of 11 land determinations obtained m different 
localities gives the value 6.5X10 -7 e.s.u., recorded in Table 93. The discrepancy between 
6 5 and 12 is so large, however, as to suggest that at any rate some of the means tor A_, 
X, and i as obtained from Tables 87, 88, and 92, are not truly representative of average 


x See page 373 
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land values. Some light is thrown on this disagreement when we observe that, on land, 
the values of the air-earth current-density have usually been measured with the Wilson 
electrometer, 1 while when the conductivity has been the main element sought, other types 
of apparatus have been more frequently used. There has been considerable diversity of 
opinion as to the proper method of using the Wilson electrometer, the uncertainty going so 
far as to have resulted in discussions of whether there should or should not be a factor of 2 in 
the formula used. 2 

SPECIFIC IONIC-VELOCITIES. 

We have very few ocean values of the specific velocities with which to compare the 
present determinations. Practically the only data available are those of Knoche, 3 who 
found values in the neighborhood 0.05 cm. per second per volt per cm. in the Pacific Ocean, 
but it would seem that unless the conditions were exceptional in Knoche’s experiments, this 
value must be subject to some doubt. The means of the land values as obtained from 
Table 89 are 14. = 1.08 and v~ = 1.22. It is of interest to notice, however, that the present 
ocean values v + = 1.30 and j>_ = 1.30 are in better agreement with laboratory values of the 
specific velocities deduced from determinations on dust-free air than are the land values 
measured in the open. Thus the values of tq. and V- obtained by Zeleny, for ions produced 
by Rontgen rays in moist air, are, at 14° C. and normal pressure, 1.37 and 1.51 cm. per 
second per volt per cm. respectively. 4 It is further of interest to notice that the ratio 
v + /v- is practically unity for the ocean values, whereas for the land values it is about 0.9. 

It is very probable that the difference between the land and sea values for the specific 
velocities is attributable to the effect, on the measurements, of the so-called large ions 
formed by the union of small ions with dust nuclei. The effect of these large ions is to 
make the measured specific velocities of the small ions come out too small, and we should 
thus expect the measurements to lead to smaller values for the specific velocity on land, 
where there are many nuclei, than on the ocean, where there are few. In illustration of this 
point, it may be remarked that at Kew, which is in the vicinity of the smoky atmosphere of 
London, specific velocities are recorded as low as 0.5 cm. per second per volt per cm. 6 It 
would thus seem that the sea values are likely to be more accurately the representatives of 
the true specific velocities of the small ions than are the land values. When one considers 
the difficulties connected with ocean observations, the comparative constancy of the sea 
values as shown by Tables 84 and 85 is very encouraging, and adds weight to the accuracy 
of the determinations of both conductivity and ionic content, which are the elements from 
which v + and t>_ are deduced. 

PENETRATING RADIATION. 

An examination of Tables 84 and 85 shows a remarkable constancy in the value of R, 
the number of pairs of ions produced per c. c. per second in a closed vessel, and the mean 
value 3.8 recorded in Table 85 is in general agreement with the results of Simpson and 
Wright, 6 who found values of R ranging from 4 to 6 in the Atlantic and Indian Oceans. 

The values of R found over land are usually of the order of magnitude of 10 or more; 
and the discrepancy between the sea and the land values is readily accounted for by the part 
of the ionization which, in the case of the land values, is attributable to the y-ray radiation 
from the radioactive material in the air and soil, and to the secondary /3-ray radiation which 
this y-ray radiation produces in the walls of the vessel. These sources of ionization are 
practically absent in the case of the ocean measurements, for there is very little radioactive 
material in the ocean or in the air over it. 

x See C T R Wilson, Cambridge , Proc Phil Soc , vol 13, pp 363-382, 1906 
2 See G Dobson, London , Proc Phys Soc., vol 26, pp 334-346, 1914 
3 Phys. Zeit , vol 13, p 325, 1912. 

A Phil Trans R Soc A, vol 195, p 193, 1900 
5 See E H Nichols, Terr Mag , vol. 21, p 94, 1916 
*Proc R Soc . A, vol 85, pp 196-198, 1911 
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RADIOACTIVE CONTENT OF THE AIR. 

Former ocean measurements have concerned themselves with relative determinations, 
by the Elster-and-Geitel method, of the radioactive content over sea and land. The 
present method leads to an absolute determination of the amount of emanation m the 
atmosphere, and gives the value 3.3 X 10 " 12 curie per cubic meter for the Pacific-Ocean deter- 
minations, and 0.4X10 -12 curie per cubic meter for the determinations in the sub-Antarctic 
Oceans. 1 The mean value for the whole cruise through March 1916, is 2.2X10 12 curie 
per cubic meter. Several absolute determinations of the radioactive content over land have 
resulted in a mean value of 88X10" 12 curie per cubic meter, 2 so that the mean of the ocean 
values forms only 2.5 per cent of that found on land. The results of the present cruise are 
in general agreement with relative measurements over land and sea, in so far as one can 
attach any meaning to these relative measurements. Thus, in terms of the arbitrary unit 
defined by Els ter and Geitel, Linke 3 found 2.4 and Knoche 4 3.6 over the Pacific Ocean. 
The mean of these values is 3.0. As typical values for land stations we have the following: 
Wolfenbuttel 6 19, Freiburg 6 84, Karasjok 7 93, Hochtal Arosa 8 (Switzerland) 91, Altjoch am 
Kochelsee 9 (upper Bavaria) 137. The mean of these activities is 85, of which the value 
for the Pacific Ocean forms about 3.5 per cent. The mean Pacific-Ocean value of Q for the 
Carnegie’s fourth cruise forms 3.8 per cent of the land value, 88 X 10 ~ 12 curie per cubic meter, 
so that the comparison of the absolute values on land and sea is in good agreement with that 
of the corresponding relative values. 

As will be seen from Table 85, the radioactive content for the sub-Antarctic oceans is 
much less than that for the Pacific Ocean. This result is in harmony with the experience of 
Simpson and Wright, 10 who call attention to the low value (3 Elster-and-Geitel units), for 
the radioactive content observed by them along latitude 40° S., between the Cape of Good 
Hope and Melbourne, as compared with the mean value (6 Elster-and-Geitel umts) for 
their whole cruise from England to Melbourne. The present values for latitudes 50°-60 S. 
are however, even smaller, in comparison with land values, than are those of Simpson and 
Wright for latitude 40° S., a point of considerable significance as suggesting a rapid diminu- 
tion of the radioactive content with increase of southerly latitude. . 

The small value of the radioactive content over the ocean is, of course, m line with 
what mi g h t be expected when it is remembered that the radioactivity of the ocean air owes 
its origin almost entirely to the emanation transported by winds from the land. Over the 
srofrll oceans, where the air has on the average passed more recently over land than is the 
case with the air over the large oceans, comparatively large values of the radioactive content 
are found. Thus, in the North Atlantic Ocean, Eve 11 found values of the radioactive 
content of the same order of magnitude as those found over land; Hewlett, on the Carnegie s 
second cruise, found an activity of 12 12 Elster-and-Geitel units, while Johnston on the third 

cruise found an activity of 23. 13 , _ A1 .. . „ t,i on qo 

As regards the effect of land on the radioactive content, Q, the results m Tables 80-83 

are of considerable interest. The braces serve to divide the legs of the cruise into sections, 
the n umb er tabulated representing, for the respective section, the mean value of the radium- 
emanation content in curies X 10 ~ 12 per cubic meter . Referring to Table 80, it will be observed 
that there was a regular diminution in the emanation content as the Carnegie passed from 
Balboa out into the Pacific Ocean en route for Honolulu. The voyage from Honolulu to 


l In obtaining the mean value for the sub-Antarctic 
oceans, the values of Q for May 30 and 31, 1916, have been 
omitted, since these were obtained when the yacht was quite 
near the New Zealand coast and are obviously not represen- 
tative of the general values obtained on the sub- Antarctic 
voyage 

2 See E von Schweidler and K. W. F. Kohlrausch, article 
on “ Atmosph&nsche Elcktnzit&t” p 223 (a section from vol 3 
of “Handbuch dei Elektrizit&t und des Magnetismus”) 
3 G6ttingm Nach Ges TFm., 1906 


*Phys Zeit ., vol 13, p 112, 1912 
5 See Elster and Geitel, Phys Zeit , vol 4, p 526, 1903 
«See Albert Gockel, Phys Zeit , vol 5, p 591, 1904. 

•See G. C Simpson, Phil Trans R Soc A, vol. 205, 
p 61, 1905 

8 See W Saake, Phys Zeit , vol. 4, p 626, 1903 
®See Elster and Geitel, Phys Zeit , vol 5, p 11, 1904. 
10 Proc. R Soc . A, vol 85, p 186, 1911 
11 Terr MaQ , vol 14, p 25, 1909 
12 See page 370 18 See page 373 
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Dutch Harbor (Table 81) took place for the most part in a region of the ocean far removed 
from land, and Q was small. For the voyage from Dutch Harbor to Port Lyttelton, Table 
82 shows a decrease in Q as the land regions in the vicinity of Alaska were left behind, and 
in the parts of the cruise between 0° and 40° north latitude, where the Carnegie was very far 
from land, Q was very low. The value, however, increased again as the land regions formed 
by Australia and New Zealand were approached. Attention has already been called to 
the low values obtained for Q in the sub-Antarctic voyage. The values here were naturally 
variable, for the wind directions which are fruitful in bringing emanation to any point of 
the sub- Antarctic oceans are very limited in extent. This circumstance is emphasized by 
the fact that the ice-covered Antarctic Continent probably does not contribute appreciably 
to the emanation content of the winds coming from it. 

Since a radium emanation content of 10~ 12 curie per cubic meter is sufficient to account 
for a rate of production of 0.021 ion per c. c. per second, 1 the average amount of radium 
emanation over the Pacific and sub-Antarctic Oceans, as determined by the results of the 
present cruise, is capable of accounting for the production of about 0.05 ion per c. c. per 
second. 


CAUSES OF ATMOSPHERIC IONIZATION OVER THE OCEAN. 

If we assume the well-known relation 3 = an 2 , between n, the number of ions per c. c. 
of either sign, q the rate of production, and a the coefficient of recombination of ions, we can 
find the value of q necessary to account for any assigned value of n. The n which figures in 
the relation q = an 2 is somewhat greater than the values of either n + or n_ as measured, since 
the measured values are in part determined by the influence of the potential-gradient in 
altering the ionic distribution near the Earth’s surface. 2 Thus, referring to Table 85, we 
see that according to the results of the present cruise a value of n at least as great as 800 
must be accounted for. Further, there is in the atmosphere a class of ions, the so-called 
large ions, for which the specific velocity is only about 1/3000 of that of the small ions. 
These large ions are not measured by the ion counter, but the fact of their existence increases 
the rate of production of ions which it is necessary to postulate in order to account for 
atmospheric ionization. In order to account for the 800 small ions alone, we find, taking 
a = 2.5 X 10 -6 , that q must have a value equal to 1.6. Hence the radioactive material in the 
air over the great oceans is only sufficient to provide for about 3 per cent of the rate of 
production of ions necessary to account for the presence of the small ions alone. It is true 
that the uncertainties inherent in the method of determining the emanation content from 
the active deposit are such as to give a value which is too low, but after making all allow- 
ances for such considerations, we can not but conclude that the radioactive content over the 
large oceans is too small to play an important part in controlling the ionization of the 
atmosphere there. A similar remark applies to the radium emanation contained in the sea- 
water, which is likewise known to be excessively small, so that there remains, for the 
explanation of the bulk of the atmospheric ionization over the ocean, only that source, 
whatever it is, which is responsible for the formation of ions in a closed vessel. 

As already stated, the results of the Carnegie’s fourth cruise indicate a value 3.8 for 
the rate of production of pairs of ions per c. c. in a closed vessel. If we could assume all of 
the ions produced in a closed vessel over the sea to have their origin in causes other than the 
vessel itself, we should be provided with a source of ionization more than sufficient to 
account for the existence of the small ions; but the question as to how far the ioniza- 
tion produced in a closed vessel of this kind is really the result of actions other than 
that of radioactive impurities in the vessel is still to some extent an open one. 


1 For the theoretical basis -underlying this calculation see E von Sehweidler and K W F Kohlrausch, article on 
1 ‘ Atmosphtirische Elektnzit&t p 234 (a section from vol 3 of “Handbuch der Elektnzitat und des Magnetismus”) 

2 SeeE von Sehweidler, Wien Ber , vol 117, p 653, 1908, also W F G Swann, Terr Mag , vol 18, p 163, 1913 
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Perhaps one of the chief difficulties resulting from a comparison of the ionization over 
the land and ocean arises from the fact that if we assume, as we must do, a sufficiently large 
value for the ionization caused by the penetrating radiation to account for the ionization 
over the ocean, i. e., a rate of formation of 1.6 pairs of ions per c. c. per second, it would 
seem that we must consider this cause to be active over land also. Thus, the rate of pro- 
duction of pairs of ions which can be accounted for on land is at least 1.6 plus the rate of 
production which can be accounted for by the radioactive materials in the soil and atmos- 
phere on land. The latter contribution amounts to 4.5 according to the estimates of Eve, 1 
hence the value of q which can be accounted for on land is at least about 6, and this is much 
more than is necessary to account for the observed number of small ions, the latter being no 
greater than the value found at sea. It would seem that the explanation of this difficulty 
must be sought in the slowly moving ions, which, though they contribute very little to the 
conductivity, nevertheless have to be maintained, since they are continually suffering 
recombinations. The total number of ions, small and large, over the ocean must be sup- 
posed to be smaller than that over land, but the greater purity of the air over the ocean will 
result in the fraction of the ions which exist there as small ions being greater than the cor- 
responding fraction over land. The practical equality of the measured numbers of small 
ions over land and sea drives us to the conclusion that, as far as this fact is concerned, the 
decrease in the total ionization over the sea is just compensated by the greater fraction of 
the ions which there function as small ions. Thus, for example, if we were to assume that 
there are no slowly moving ions over the sea, we should have q — 1.6 as the total ionization 
over the sea. Hence, total ionization over land = 1.6+4.5 = 6.1. Thus, if n s and n t 
refer to the total numbers of small ions per c. c. over sea and land, respectively, N to the 
number of large ions per c. c. over the land, and if a is the same for both classes of ions, 

*±2i= (MV =about 2 

n. U.6/ 

Hence, since n t = n, approximately, we should on this basis find N = n t , i e., the number of 
small ions per c. c. on the land would be about equal to the number of large ions. ^ If the 
ions over the sea are not entirely of the quickly moving class, an argument of this type 
would lead to the conclusion that the number of large ions over the land is greater than the 

number of small ions. . , 

It will thus be gathered from the foregoing remarks that the two outstanding problems 
which are of primary importance for the satisfactory clarification of our ideas on the 
ionization over the land and sea are, (1) the problem of determining how much of the 
ionization produced in a closed vessel is to be attributed to causes other than the vessel itself, 
and (2) the problem of determining, over land and sea, the average number of slowly moving 


ions per c. c. 

Although the radium emanation over the great oceans is insufficient to contribute 
markedly to the ionization there, its effect over a small ocean like the Atlantic is not 
insignificant. In this connection a point of some interest shows itself when we compare the 
average values of the conductivities over the Atlantic and Pacific Oceans. Taking the 
average of the values in Table 91 for the Atlantic Ocean, we find X + = 1.57X10" .e.s.u., 
and X_ = 1.3lXlO~ 4 e.s.u. The mean of these values is 1.44X10 4 e.s.u. Taking the 
average values for the Pacific Ocean as obtained by utilizing the values in Table 85 and 
the corresponding values in Table 91, the very low values 0.08 X 10 4 e. s. u. being, however, 
omitted, we obtain X + = 1.46X10" 4 e.s.u., and X_ = 1.22X10" 4 e.s.u The mean of 
these values is 1.34X 10 " 4 e. s. u. Writing X. and \ p for the mean unipolar conductivities 
over the Atlantic and Pacific Oceans respectively, we thus have X a /X p — 1.44/1.34—1.07. 


i Phil Mao, S 6 . vol 21, p 34, 1911 Eve gives the value 4 35 instead of 4.5 The slight difference is £ J» 
for by the fact that Eve took 80XKT 12 curie per cubic meter as the normal radium-emanation content of the atmosphere, 
whereas the value 88X10” 12 curie per cubic meter has been adopted in this report 
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Now, in so far as the conductivity is proportional to the ionic density, and the latter 
is proportional to the square root of the rate of production of pairs of ions, we should expect 
that if q is the value of the latter quantity for the Pacific Ocean, and q-\-Sq the value for the 
Atlantic Ocean, 

(£&)’- 1.07 

or approximately Sq/q= 0.14. 

Taking the value q= 1.6 found on page 414, for the great oceans, as the value for the Pacific 
Ocean, we thus find 82 = 0 . 22 . As already stated on page 413, the mean value of the activity, 
expressed in Elster-and-Geitel units, for several land stations is 85, so that if this be taken 
as corresponding to the mean emanation content, 88X10 -12 curie per cubic meter, for the 
land, 1 we find that 1 Elster-and-Geitel unit corresponds to 1.0 X 10 -12 curie of emanation per 
cubic meter, and consequently, according to page 414, to a rate of production of 0.021 ion 
per c. c. per second. 2 In order to account for the above value 0.22 for Sq, it would conse- 
quently be necessary to assume, over the Atlantic Ocean, a radioactive content which was 
in excess of that over the Pacific Ocean by about 10 Elster-and-Geitel units. Taking the 
mean value for the Pacific Ocean as 3 Elster-and-Geitel units, 3 we should, on these lines, 
expect 13 Elster-and-Geitel units over the Atlantic Ocean, and this is just about the order 
of magnitude of the radium-emanation content found there. Thus Hewlett found 12 and 
Johnston 23 Elster-and-Geitel units respectively, in the north Atlantic Ocean, on the 
Carnegie’s second and third cruises; the mean of these values is 18. 

It is noticeable that the slight difference between the average values recorded in Table 85 
for the corresponding ionic contents and conductivities in the Pacific and sub-Antarctic 
oceans is in the right direction to be accounted for by the difference in the emanation 
content. The mean of the values of n + and n _ , recorded in Table 85 for the Pacific Ocean, is 
752, and the corresponding value for the sub-Antartic oceans is 722. If q is again taken 
for the rate of production of pairs of ions per c.c. in the Pacific Ocean, and if q—8q is the 
corresponding value for the sub-Antarctic oceans, we readily find, on the line of the argument 
given above, 

82 = 0.082 

so that taking 2 = 1.6 as before, Sq = 0.13. This corresponds in radium-emanation content to 
(0.13/0.021) X10~ 12 = 6X10~ 12 curie per cubic meter. The difference between the Pacific 
and sub-Antarctic emanation contents amounts, according to Table 85, to 2.9X 10 -12 curie 
per cubic meter, and is thus of the right order of magnitude to account for the diff erences 
in the corresponding ionic contents. An exact numerical agreement can not, of course, be 
expected. 

DIURNAL VARIATION. 

As already stated, diurnal-variation measurements were made for the quantities 
X, n+, and R, but it was naturally not practicable to make complete diurnal-variation 
observations very often. In so far as a diurnal-variation curve may only be expected to 
approximate to a definite and characteristic form when the results of many sets of observa- 
tions are combined, it was considered best to combine, into one curve, for any element, all 
of the corresponding diurnal-variation observations throughout the cruise. A curve ob- 
tained in this way consequently corresponds to the mean diurnal-variation curve throughout 
the period of the cruise. Although the observations here discussed extended over about 

1 See page 413 

2 Kurz has made a direct comparison of the Elster-and-Geitel unit with the corresponding amount of ionization to be 
expected His data have, at the hands of Kohlrausch and others, suffered various corrections which have changed the 
original result by 260 per cent of its value, and the corrected value gives the rate of production of pairs of ions per c c , 
corresponding to 1 Elster-and-Geitel unit as 0 029 (See K Kurz, Abh Ah Wtss Math.-phys Kl , No 1, voi 25, p. ll[ 
Munich, 1909 , also K W F Kohlrausch, Phys Zeit , vol 13, p 1193,1912) 

5 See page 413 
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one year, it is hardly possible to look upon the curves as comparable with mean diurnal- 
variation curves for the year, as obtained at one station, for the present observations 
correspond to all sorts of different latitudes. 

The curves for X, n+, and R are shown in Figure 26. It naturally turned out that 
there were many occasions on which observations were started and later in the day it was 
fo un d necessary to discontinue them as a result of weather conditions. All of the observa- 
tions have, however, been used in drawing the curves, so that the parts of the curves 
corresponding to the night depend upon fewer observations than those for the day. Each 
point on the curves is the representative of observations on a large number of days, and 
the n umb er of days for the individual points are recorded against them. It is interesting 
to observe that the parts of the curves determined by points representative of the observa- 



jr £G 26 Ocean Diurnal-Variation Curves for Ionic Content, Potential-Gradient, and Penetrating Radiation 


tions m many days are much more definite in form than the parts determined by points 
corresponding to few observations, a result, of course, to be expected. Happily the 
doubtful parts of the curves are of sufficiently small extent to render it possible to draw 
them in with reasonable certainty by noting that, except for the slow progression of the 
a.mnm.1 variation, the curves must repeat themselves with a period of 24 hours. The curves 
for X and n + show definite diurnal variations, but the curve for R does not indicate any such 
tendency, and this point is emphasized by the fact that the portions of the curve which are 
fixed by the largest numbers of observations are just those which approximate most closely 
to the representation of R as independent of the time of day . This result, which is in har- 
mony with the observations of Simpson and Wright in the Atlantic and Indian Oceans, is 
not necessarily inconsistent with the results of those observers who, on land, have found 
diurnal variations in R, since, as already remarked, a large portion of R as measured on 
land is determined by the radioactive material in the soil and atmosphere. 

Turning now to the potential-gradient curve, it is interesting to compare this curve 
with the mean diurnal-variation curves for the year for several land stations. This is 
done in Figure 27. It will be observed that the chief feature which characterizes the ocean 


l Proc. j R. Soc ♦ A, vol. 85, p. 199, 1911, 
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curve is the fact that the early morning minimum is not so sharp as is usually the case with 
the land observations. When allowance is made for the difference in the absolute values 
of the potential-gradient, the land curve to which the ocean curve most closely corresponds 
is that for Potsdam. The relation comes out strongly when the Fourier amplitudes of the 
different harmonics are considered. If the potential-gradient be expressed in the usual 
formX=o 0 +ai sin (pi+x)+a 2 sin (<p 2 +2a;)+ . . . etc., where the a’s are amplitudes 
and the <p ’ s phase angles, Table 94 gives for the first 3 Fourier “waves” the values of the 
a’s and <p’s for the curves plotted in Figure 27. 


Table 94 — Amplitudes and Phase Angles for Diurnal-Variation Curve of the Potential-Gradient 


Place 

do 

ai 

C&2 

az 

<Pi 

<P2 

<pz 

£i 

at 

Remarks 

Ocean values (Cruise IV) 

119 

6 8 

9 3 

2 5 

0 

218 

O 

147 

0 

230 

0 73 

♦According to a more recent determination 

Potsdam. 

239 

17 

26 

5 

199 

174 

101 

0 65 

of the reduction factor for the apparatus 

Kew* 

159 

8 

25 

4 

165 

187 

40 

0 34 

at Kew (see Phil Tram Boy Soc A, vol 

Munich 

167 

39 

35 

4 

250 

190 

76 

1 11 

215, p 140, 1915), the Kew amplitudes 

Kremsmunster . 

106 

26 

14 


221 

186 


1 76 

should all be corrected by a constant fac- 

Tnest 

75 

42 

5 


236 

155 


8 67 

tor. But since here we are only interested 

Samoa 

37 

21 

2 

3 

220 

271 

349 

11 40 

in the relative values of the amplitudes 










this correction has been omitted in this 




1 






table, and in the corresponding curve for 










Kew m Fig 27 


It will thus be seen that the curve for the ocean values partakes of the properties of the 
curves for Potsdam and Kew in showing, for the 12-hour “wave,” an amplitude which is 
greater than that for the 24-hour “wave.” A similar result was obtained by Simpson and 
Wright in their observations over the Atlantic and Indian Oceans. The preponderance of 
the 12-hour term over the ocean is of special interest when it is recalled that over land the 
amplitude of this term appears to diminish very rapidly with altitude. Thus the ratio of/ a* 
is very much larger at the top of the Eiffel tower than at a point on a level with the base. 
It has been customary to attribute the 12-hour term to dust carried up by convection 
currents during the hotter part of the day, but the preponderance of this term in ocean 
observations, where the air is very pure, would appear to cast some doubt on such an 
explanation, a point to which Simpson and Wright have also called attention. 

The diurnal-variation curve of the ionic content shows a flat maximum extending 
over about 8 hours from 6 a. m. to 2 p. m., and a minimum about midnight, the amplitudes 
and phase angles^ of the first 3 Former “waves” being a 0 = 810, ai=41.8, a 2 =3-3, 03 = 8.2, 
Vi = 278°, <p 2 = 90°, <p 3 = 156°. The diurnal range forms, in the case of the ionic content onlv 
about 10 per cent of the whole. If this were all attributable to a change in the rate of 
production of 10ns, we should expect a diurnal range of about 20 per cent in the latter 
quantity; but we have seen that the observations give no evidence of any appreciable 
diurnal variation in R. Since the value of X controls, to some extent, the values of the 
ionic densities near the Earth's surface, 2 we may expect a diurnal variation in X to be 
accompanied by a diurnal variation in increase of X should be accompanied by decrease 
of n+. On referring to Figure 26, we indeed find that the midnight maximum for X cor- 
responds to a minimum for n + , and although the early morning maxim um of X is not 
accompanied by a distinct minimum of n + , there is an indication of a tendency in this 
direction. There is, however, a further cause which contributes to the diurnal variation of 
the iomc content, for a, the rate of recombination of the ions, is known to decrease with 
increase of temperature, the decrease amounting, according to Erikson, 3 to about 1 per 
cent per d egree at ordinary temperatures. The diurnal variation of the temperature, as 

x Proc B Soc A, vol 85, p 181, 1911 “ “ 
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indicated by the thermograph records, shows a maximum about the same time as the 
maximum in the curve for n+, which fact is in harmony with the above view. The average 
daily r an ge in temperature is about 5° C., and this corresponds to a range of about 5 per cent 
in a and consequently to about 2.5 per cent in n+. Apart, however, from these considera- 
tions with regard to the variation of a, Simpson, in his experiments at Karasjok, 1 found, as 
an experimental fact, that the ionic content increased by about 35 per cent for 20 degrees 
increase in temperature. Such a change, which is considerably larger than that calculated 
from the change in a to be anticipated from laboratory experiments, is in itself almost 
sufficient to account for the present diurnal variation in n+ as a pure result of the diurnal 
variation in temperature. 





Fig 27 —Comparison of the Potential-Gradient Diurnal-Variation Curve for the Ocean with Those for Various Land Stations. 

The diurnal variation of the ionic content on land is influenced much by the local 
conditions. Gockel, 2 from measurements made at Freiburg, finds a maximum for n + at 
2 p. m. in winter and at 4 p. m. in the summer. These results are in general agreement 
with those of the present cruise, except that they give the maximum somewhat later, a 


'■Phil Trans R Soc. A, vol 205, p. 79, 1905 


s Me< Zeit , vol 23, p 53, 1906 
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result which, however, would be expected if the diurnal variation were largely controlled by 
the temperature. 

There are hardly any other ocean results with which to compare the present observa- 
tions on the diurnal variation. Simpson and Wright, 1 on the basis of certain ocean observa- 
tions made within 40° of the equator, came to the con- 
clusion that the potential-gradient has its chief minimum 
soon after midday, a result in harmony with those of the 
present cruise, as will be seen on reference to Figure 26. 

Table 95 shows values obtained by G. Berndt 2 in the 
Atlantic Ocean in 1913. The potential-gradient results 
are here only relative, and X represents the means of 
the potential-gradient observations on all days, while X' 
represents the mean values as obtained on days labeled as 
normal from an atmospheric-electric standpoint, and in which negative values of the 
potential-gradient are omitted. These observations, as far as they go, are in agreement 
with the present results on the diurnal variation, at any rate in the cases of X' and the 
ionic content. 


Table 95 — Berndt* $ Results on the Daily 
Variation of Ionic Content and Poten- 
tial-Gradient Over the Atlantic Ocean 


Time 

n+. 

7 ?_ 

X 

X' 

8 a, m 

731 

568 

52 

56 

2 p. m 

772 

640 

54 

51 

8pm 

628 

561 

55 

58 


ANNUAL VARIATION. 

In considering the type of annual variation to be expected from observations such as 
those at present under discussion, one has to remember that it is the season, rather than the 
tnne of the year, which controls the phenomena, so that it would not be reasonable to plot 
the quantities against the time without due regard to the variation with latitude. Thus, 
or example, account must be taken of the fact that the seasons are reversed in the southern 
emisphere. However, since the circumnavigation voyage in the sub-Antarctic Oceans 
correspon s roughly to a constant latitude, it enables us to seek evidence on the annual 
vambon over the period of duration of this voyage (about four months). To this end the 
10.2 values have been meaned for each of the four months, and the results plotted against 
me corresponding mid-times for the months. 3 The results are shown in Figure 28. Remem- 
T ® eas . ons , are 1 reversed m ^e latitudes in question, we should, by analogy 
Ifa Sp f0 f knd y ^ ues ’ expect a “inhnmn of the potential-gradient in January, 
that it io rliffiM i+ C + ’ j ma3amura a PPears here, but this is followed so soon by a minimum 
it is nroLhU tt!r + > draW an ^ clu ® 10Ils as . to the normal type of variation, and, indeed, 
satisfactorilv settla t^ mea ^. 0 ^ the observations over several years would be necessary to 
SnducSL S 5f qU !f 1011 0f a T? al variation - In the case of the ionic numbers, 

2d fcSSta current-densities, the curves suggest more definite conclusions 

XS dv^nSSrr^ “ JanU + ary> land observations in the northern hemi- 
ma.Yfma the late 10m ^ Con , tent and conductivity in the late winter months, and 

TSr*- In View of the reversal of the **>an8 in the 
prising. However it is difficult °tn f 6 ° Cean observatl °n s are > therefore, somewhat sur- 
annual variation from a P ro P er opinion of the general curve of the 

iniTiimo which the nrr-rnt -i 10ns ^^ding fJ ver f°ur months, and it is possible that the 
^aSr„nhrZl 0bSerTatl0, “ mdlCate f0r JanUMy are depressions in the 

I™??'? Soc A » vol -S5,p 181, 1911 ~ ~ — 

*In thf^ * VC>1 3 °’ P 6 ° 6, 1913 

sponding to the observations secured &tions for certain periods of a month the time used is the mean tim e corre- 
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The quantity R shows a faint indication of a minimum in February, but the changes 
in R are so small that it is undesirable to discuss their origin in detail. 



Atmospheric-electric observations made aboard a vessel are manifestly not of a type 
well suited to the elucidation of annual variations in the elements, since the geographic 
location of the vessel alters continually. It is probable that ocean data on the annual 
variation, and indeed on the diurnal variation, could be most advantageously secured 
from observatories erected on small islands located in mid-ocean. In order that the 
results obtained may be free from local influence, the islands should be as free as possible 
from foliage. There are, however, very obvious practical difficulties involved in an 
attempt to carry on scientific work on an island whose chief characteristics are that it is 
barren and located in mid-ocean. 
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SUMMARY OF CONCLUSIONS. 

A general discussion of the observations leads to the following general conclusions: 

(1) The potential-gradient over the ocean has, according to the present observations, 
an average daily mean value of 113 volts per meter. It has a distinct diurnal variation 
with minima about 5 a. m., and 3 p. m., and maxima about midnight and 9 a. m., the 12- 
hour Fourier “wave” being more prominent than the 24-hour “wave.” 

(2) The average values, for the whole cruise through March 1916, of conductivities 
and ionic contents for positive and negative ions are, X- h =1.44XlO“ 4 , X„ = 1.19X10"" 4 
e.s.tj., n^_=804, and = 677, and the mean value of vi+/n^ is 1.22. These numbers are 
in close agreement with values found on land. The diurnal variation of has been 
investigated, and the element has been found to have a flat maximum ranging from about 
6 a. m. to 2 p. m. and a minimum about midnight. 

(3) The mean ocean value of the specific ionic velocities is 1.30 cm. per second per 
volt per cm., and is the same for ions of both signs. It is somewhat greater than the 
values = 1.08 and ^-=1.22 obtained as the means for a number of land stations, but is 
nearer to the ionic velocities as measured for ions artificially produced in dust-free air. 

(4) The mean ocean value for the air-earth current-density is 9.5 X 1CT 7 e.s.tj. 

(5) The number of pairs of ions produced per c. c. per second in a closed copper vessel 
over the ocean shows very little variation with season or location, and there does not 
appear to be any appreciable diurnal variation in the quantity. The mean absolute value 
of the number in question is 3.8. It is considerably smaller than the values resulting from 
corresponding measurements made on land, a result to be expected in view of the absence, 
over the ocean, of the contribution to the penetrating radiation by radioactive materials. 

(6) The average radium-emanation contents found over the Pacific and sub-Antarctic 
Oceans are respectively 3.3 X 10 12 and 0.4X10 -12 curie per cubic meter. These values are 
much smaller than the mean value (88 X 10~ 12 curie per cubic meter) for the land. They are 
*i >0 ^ S3 ? a ^ con ^ r ^ 11 ^ e m a mar ked degree to the ionization over the ocean, and it is con- 
cluded that the reason for the measured ionic densities over land being, if anything, smaller 
than those over the ocean, is to be found in the greater purity of the ocean air as compared 
with the land air. The presence of dust nuclei, in fact, increases the number of ions which 
go into the slowly moving class, and which consequently lose their power of becoming regis- 
tered m the usual measuring apparatus. 

. As yet no detailed analysis of the observations has been made with a view to determin- 
ing the interrelations between the atmospheric-electric quantities and latitude, temperature, 
humidity, and atmospheric pressure. 
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Galilee, 1908 (Pacific) 

Erebus and Terror, 1839-1843* 
Novara, 1 857-1 860 *•*•*•«•* 
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Carnegie, 1909-1915 
Carnegie, 1916-1917 (projected) 
Challenger, 1 872- 1 876 — 

Discovery, 1902-1904 * 


Cluefct, 1914 ’ * ° ’ 

Pagoda, 1845 o— 

Gazelle, 1874-1876 * + — 

Coast and Geodetic Survey, 1903-1915 






SOME DISCUSSIONS OF THE OCEAN MAGNETIC WORK, 

1905-1916. 

By L A. Batter and W J Peters. 

CORRECTIONS OF MAGNETIC CHARTS. 

From tim e to tim e, attention has been called to the corrections required for the various 
magnetic charts to have them conform to the values of the magnetic elements observed on 
the Galilee and the Carnegie. 1 Reference to these corrections will also be found in various 

sections of this volume. . , x . . , ,, . 

The corrections in the case of the magnetic-decimation charts (manners charts of 
lines of equal magnetic variation), for the ocean routes generally traveled, have been 
usually below 2°, though at times exceeding this amount. Unfortunately, the corrections 
are frequently of the same sign, or in the same direction, for long stretches at a time. The 
navigational error is likely, therefore, to be cumulative when the mariner is dependent 
largely on the correctness of his magnetic- variation charts; this is the case in time of 
storm or fog, when it is not possible to control the ship’s position by observations on the 

Sun or stars. . ^ - _ , ,. , 

In certain parts of the Pacific and the Atlantic Oceans the chart corrections have 

been about 4°, while in the Indian Ocean they reached 6°, and off the southwest coast of 

Australia, from 12° to 16° (see p. 328). . .. 4 . . ,, 

The corrections for the charts of the lines of equal magnetic inclination have usually 

been less than 5°, though amounting in certain regions to 9°. . 

The corrections for the charts of the lines of equal horizontal intensity have been on 
the order of 0.005 to 0.015 c. g. s., and have even reached .060 c. G. s. on the most southerly 
cruises. In general, the corrections were found to be on the order of 2 to 10 per cent. 

Erroneous assumptions as to amount and sign of secular changes have been found to 
be partly, sometimes largely, responsible for the systematic chart-corrections. 

A brief summary of the declination corrections in the Pacific Ocean will be found in 
the September 1915 issue of Terrestrial Magnetism and Atmospheric Electricity. 

A future volume will contain a detailed investigation concerning the amount and run 
of the chart corrections. Let it suffice to state here that the chart corrections as found 
may be attributed to a combination of the following causes: observational error caused, 
for examp le, by the use of more or less imperfect instruments, or arising from some other 
source; erroneous determination, or incomplete elimination of deviation-error produced by 
the magnetic character of the vessel on which observations were made; erroneous secular- 
change data as above explained; paucity of observations in a given region; and, finally, 
local disturbances, near land and over shallow areas. What irregularities may be expected 
in the isomagnetic lines over the ocean areas in general, is a question often raised, the 

discussion of which must, at present, be deferred. „ , . A . . , 

A good idea of the extent of the chief magnetic data available to constructors oi 
magnetic charts, before the work of the Galilee and the Carnegie, may be obtained by 
examining Plates 23, 24, and 25, showing the tracks of the chief vessels on which magnetic 
observations were made at sea during the period 1839-1916. The legends on the three 
respective plates will furnish all required explanations. Of course, no attempt has been 
made to represent also the data, principally of magnetic declination, obtained by nava 
and other vessels in the course of their cruises , or in connection with survey-work, ine 

•For tables showing corrections of magnetic-declination charts, see Ter rr. Moo r , v. P y 

133-136, v 17, pp 31-32, 97-101, 141-144, 179-180, v. 18, pp. 63-64, 111-112, 161-162, v. 19, pp 38, 1^0, v. 

20, pp 69-70, 104; v. 21, pp 16-18, 109-116. 42 3 
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plates serve to exhibit, in a general way, how the cruises of the Galilee and the Carnegie 
have been carried out, not only with reference to the other chief expeditions, but also in the 
fulfillment of the object of securing, within a comparatively brief period, a systematic 
magnetic survey of ocean areas. On the homeward cruise of the Carnegie in 1916-1917 
(see broken red lines, Pis. 23 and 24), additional data will be obtained. 

Figure 29 shows the corrections of the various magnetic-declination charts for certain 
portions of the Atlantic Ocean at the time Cruise I and the first part of II of the Carnegie were 
carried out. East magnetic declination being given the positive sign, a plus correction, for 
example, means that the chart-value of east magnetic declination was smaller and of west 




Fig 29 — Showing Corrections of Magnetic-Declination Charts for the Atlantic Ocean, 1909-1911. 


(British Admiralty, , United States Hydrographic Office, German A dmir alty, 


magnetic declination larger than the values observed on the Carnegie. The Carnegie’s 
chief ports of call are shown, as also the distances in nautical miles traversed from the 
home port, New York. The chart-values used in the construction of Figure 29, as well as 
of Figures 30-35, were referred to the dates of the Carnegie’s observations by means of the 
secular changes shown on the respective charts. 

_ It will be seen that the curves given in Figures 29-35 are usually the same for the 
various charts, the corrections being generally less than 2°, though in some instances they 
are more. The peculiar and often systematic run of the corrections for long stretches is 
well shown by the curves. Figure 30 applies to the regions of the Atlantic Ocean traversed 
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by the Carnegie on the homeward portion of Cruise II in 1913, and on Cruise IV in 1915. 
Figure 31 shows the chart-corrections revealed on Cruise III of the Carnegie in the North 
Atlantic Ocean in 1914; during this cruise a high northerly latitude (79° 52') was reached off 
the northwest coast of Spitzbergen. 



(British Admiralty, ; United States Hydrographic Office, . German Admiralty, 
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Figure 32 shows the corrections of the various magnetic-declination charts for the 
portions of the Indian Ocean at the time of the Carnegie’s circumnavigation cruise (No. II), 
1911-1912. It is seen that here the corrections are larger than for Figures 29-31, rea ching 
4° to 6° at times. 
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Fig 32 —Showing Corrections of Magnetic-Declination Charts for the India n Ocean, 1911-1912. 


(British Admiralty, j United States Hydrographic Office, ; German Admiralty, ) 

Figure 33 shows the corrections of the various magnetic-declination charts revealed on 
the sub-Antarctic voyage of the Carnegie, during which she sailed from Lyttelton, New Zea- 
land, on December 6, 1915, and returned to the same port on April 1, 1916 (see pp. 326-330). 
The omitted portions of the curves apply to the region beyond the limits of the us ual 
magnetic charts. The magnitude of the corrections (5° to 16°) and the rapid change in 
sign are strikingly exhibited by the curves. The large corrections apply especially to the 
portion of the Indian Ocean, off the southwest coast of Australia, where the value of the 
magnetic-decimation changes very rapidly. The fact that the largest corrections in the 
South Indian Ocean (see Fig. 33) are shown by the German Admiralty chart is fully 
explained by the circumstance that this particular chart was issued before the Carnegie’s 
observations in the Indian Ocean during 1911 were av aila ble. 
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Figure 34 shows the corrections of the various magnetic-declination charts for the 
portions of the Pacific Ocean at the time of the Carnegie’s Cruise II, 1912. Figure 35 
shows the same for Cruise IV, 1915 and 1916. An inspection of the curves indicates that, 
as the ocean data obtained aboard the Galilee and the Carnegie became available, improve- 
ments were made in the magnetic charts issued by the various hydrographic establishments. 

CONCERNING CONSTRUCTION OF NEW MAGNETIC CHARTS. 

The construction of the world magnetic charts of the Carnegie Institution of Wash- 
ington, as based chiefly on the observations of the Department of Terrestrial Magnetism, 
both on land and sea, is deferred until about 1918. By that time there will be available 
additional data from the Carnegie in the Atlantic Ocean and from the land observers in 
various parts of the globe. Secular-variation tables may then be successfully constructed 
for referring all of the accumulated results to some selected date. 
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PRELIMINARY VALUES OF THE ANNUAL CHANGES OF THE MAGNETIC 
ELEMENTS AS DETERMINED FROM THE GALILEE AND 
CARNEGIE RESULTS, 1905-1916. 

DATA AT INTERSECTIONS OF TRACKS OF VESSELS. 

Explanatory Remarks. 

The magnetic results of the Galilee and the Carnegie have been compared from time to 
time with the values scaled from the magnetic charts in use. As has been seen from Figures 
29-35, systematic errors were found which may be explained, at least for the magnetic- 
declination charts, by a lack of accurate information of the secular changes over the ocean 
areas. Constructors of magnetic charts have been obliged to rely principally upon the 
secular changes shown by land observations along the coasts and on the islands, or upon 
more or less uncertain sea observations, separated often by rather long intervals. Plates 
20, 23, 24, and 25 show that during the various cruises of the Galilee and the Carnegie, a 
veritable network has been formed by the crisscrossing of their tracks. 

Theoretically, every crossing should furnish data regarding secular variation in each 
magnetic element, but there are practical difficulties in securing accurate values of the 
annual amounts of the secular variation at sea, which can not be entirely avoided. If the 
interval of time between the observations of two tracks that cross is very short, it is evident 
that the secular variation may be masked by observational error. The comparison then 
serves only as some measure of the accuracy of the results. On the other hand, when the 
time-interval is sufficiently large the average annual change may be determined with some 
precision for the time considered; as the annual change itself is a variable quantity, the 
accuracy of its determination can not, however, be increased ad libitum by simply increasing 
the time-interval, nor can it be assumed that the annual change at the end of the interval 
is the same as the average value for the elapsed interval. 

Another difficulty, peculiar to ocean observations, is that the precise point of a former 
observation can not usually be reoccupied, and the difficulty is increased when the declina- 
tion is not determined at the same time and place as the other magnetic elements. In 
order, therefore, to compare the results of magnetic observations made at two different 
dates for the purpose of determining the average annual changes, they must be referred 
to practically the same geographic position, if, as most frequently happens, the values of 
the magnetic elements are not independent of the geographic position within the area 
considered. The accuracy of the determination of the annual change is therefore improved 
by increasing the number of observations within the area considered. There are, however, 
practical limits to the number of observation-results that may be utilized. If they extend 
beyond the area over which their changes with geographic position may be considered 
linear, it is necessary to include in the computation of the value of the magnetic element for 
some c omm on point, terms containing the latitude and longitude differences to the second 
degree or more, and the number of unknowns is thus increased; in this case the time and 
labor which would be required to make a solution are justified only when no more observa- 
tions are likely to be available for some time to come. 

A pr eliminar y investigation of the distribution of the magnetic-declination values over 
limited areas around some of the intersections of the Galilee-Carnegie tracks, shows that 
a single determination of the declination may occasionally differ many minutes from the 
normal value as indicated by the remainder of the group. The cause of such abnormal 
values is not always known; there might have been local disturbance or there might have 
been abnormal conditions of the ship’s motion. Whatever the cause, the inclusion of such 
a station in a group that is utilized to determine the average annual change, may seriously 
affect the result sought, especially, if the group is composed of but few units. The presence 
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Tracks of Chief Vessels on Which Magnetic Observations Were Made m the Pacific Ocean, 1839 1916. 

Galilee, 1905-1908 Carnegie, 1911-1916 ’ Cluett, 1914 (Atlantic) " • ” ' ' ; ’ 

Erebus and Terror, 1839-1843 — — — Carnegie, 1916-1917 (projected) - - - “ “ Challenger, 1872-1876 

Gazelle, 1874-1876 + — + — + — + Novara, 1857-1860 «•* *• - Coast and Geodetic Survey, 1903-1915 ♦ + + + -- 

Discovery, 1902-1904 • * » 
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of an abnormal value can only be detected when there are a sufficient number of obser- 
vational results to determine the normal value with fair accuracy. 

At sea the distribution of stations around the track-crossings, or intersections, can not 
be planned with certainty. Conditions of sea and weather, and the ship’s course, combine 
to crowd or to scatter the magnetic observations irregularly along the tracks followed. 
Consequently, the determination of the annual change may be strong, depending on many 
observations for both dates, or it may be weak on account of a paucity of observations at 

one or the other time. , , , . , 

As new tracks are made, the crossings become more frequent, so that m a few years 
more the annual amount of the secular variation for a given period may be determined at 
any desired part of the navigable oceans. For the present, however the average annual 
changes as deduced from Galilee-Carnegie cruises to date, must he considered as preliminary, 
vendinq additional information and more complete investigation. 

’ The pre liminar y mean annual changes for the three magnetic elements, as determined 
from the Galilee and Carnegie results for an interval of four years or more, between August 
1905 and September 1916, are given in Tables 96-98 for the Pacific, Atlantic, and 
Indian Oceans, with the time-intervals for which they apply. The number of observa- 
tional results from which the annual change is deduced is given for each date and also the 
least n umb er that occurs in any group. These numbers together with the elapsed lme- 
intervals are some indication of the relative reliability of the corresponding annual change. 
When the least number is 3, or less, the corresponding value of the annual change must be 
regarded as weakly determined until future results confirm the hnear distribution assumed 

and the absence of abnormal values. . , „ . 

In these preliminary computations no attempt has been made to eliminate the effects 
of the diurnal variation of the magnetic elements. In general, at the times selected for the 
observations, these effects are small. Furthermore, usually the local mean times are about 
the same for the two dates of comparisons so that the diurnal-variation effects are practi- 
cally eliminated in taking the differences of the values of the magnetic elements at the two 

^The annual changes given in Tables 96-98, have been derived by several different 
methods, briefly described as follows: 

a. If the mean geographic positions of the two groups of observations for the two intersecting 
tracks are practically identical, the mean values of the magnetic elements of each of the two groups 
are taken as the values at the common point for the respective dates The difference between the 
two values of each element, divided by the elapsed time, is taken as the average annual change. It 
most frequently happens, however, that the mean geographic positions for the two dates do not 

h The method most commonly used was to arrange in groups the observations made at the 
intersection of two or more tracks. The mean values of the dates, geographic positions, and cor- 
responding magnetic elements for each group having been determined, the point of intersection of 
lines jo inin g the mean positions of the two groups of each intersecting cruise was found graphically. 
Bv the method of simple ratios and from a comparison of the mean values of date, position, and 
magnetic elements, as determined for each group, the magnetic element for its corresponding date 

was deduced for this point of intersection. , . 

c. When two groups as in a, or four groups as in h, were not available, as, tor example, in 
the case of the observations made on the tracks converging to Gardiners Bay, then a least-square 
adjustment was made, assuming that the values of the magnetic elements depend upon their geo- 
graphic position and that the value of an element E, at a point whose latitude and longitude are 
<j> and X, respectively, may be expressed by an equation of the form 

E~E Q +yA4>+z&\ cos <f> 

in which A\=X-X 0 , and K Xo are the geographic coordinates corresponding to the 

approximate mean value E 0 . The terms of second degree and above have been omitted and cos 4> 
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taken as constant because of the small size of the areas here involved In order to reduce the obser- 
vations to a common date, corresponding to the mean date of all the tracks, another unknown w, the 
secular-variation term, is included in the above equation, and also x, the most probable correction 
to the approximate mean value E 0 , of the element in question at the point <j> 0 , X 0 . We have finally 
for the observation equation 

E=E 0 +x+yA4>-\-zA\+wAt (1) 

m which At is the date of observations minus the adopted mean date. In the practical application 
of this method the weights assigned to the various results in the Tables of Results (see pp. 97-104 
and 261-287) have been applied. 

d. The values of x, y, and z have sometimes been determmed from the data of one track only, or 
both tracks separately, from the equation 

E=Eo-\-x-\-yA<j3-\-zA\ (2) 

The values of the magnetic elements for some point, usually the mean position of one group, have 
then been calculated from the x, y, z, and the mean value and mean position of the other group The 
values for the different epochs thus become strictly comparable. 

The methods a and b are temporary expedients to obtain approximate values expedi- 
tiously. The method c is to be preferred, since it has the advantages of combining observa- 
tions by weights, of exhibiting discordant results, also of indicating thereby whether the 
groups cover too large an area for the assumption of linear changes; as it involves consider- 
ably more time and labor, its general application, however, must be deferred to a later date. 
Chief assistance in the determination of the present values of the annual changes was ren- 
dered by Computer C. C. Ennis. 

An inspection of the preliminary values of the annual changes in Tables 96-98 
shows that the quantities are of the same general order of magnitude as disclosed by 
observations on land. As already stated, the discussion of the values is deferred until 
additional data have been obtained. The annual changes for the declination and inclina- 
tion are invariably referred to the north-seeking end of the magnetic needle. Thus 6' W 
means that the north-seeking end of the compass moved to the west at the average annual 
rate of 6' during the period shown in the third column of the tables; 1' N means that the 
north-seeking end of the dip needle moved downwards at the average annual rate of 1' 
during the period in the third column. 

Preliminary Average Annual Changes in the Magnetic Elements Determined From 
the Galilee and the Carnegie Observations, 1905-1916. 


Ta^le 96 — Average Annual Changes for the Indian Ocean 1 


Lat 

Long 
East 
of Gr. 

Approx Dates 
showing 
Time-Intervals 

Average Annual Change 

Number of Values utilized to obtain Annual Change 

Decl’n 

Incl’n 

Hor Int 
(Units of 
fourth dec ) 
C. G s 

Decl’n 

Incl’n and 
Hor. Int 

Least Number in any 
Group 

Decl’n 

Incl’n and 
Hor Int 

0 

37 5 S 

o 

25 9 

1902 4-1911 4 

/ 

HE 

r 


10 and 5 


5 


25 3 S 

60 6 

1903 4r-lQll 6 

5 W 



4 6 


4 


35 3 S 

74 8 

1903 3-1911 4 

13 W 



7 12 


7 


36 OS 

95 4 

1911 9-1916 1 

17 W 

2 S 

-7 

5 11 

5 and 7 

2 5 

2 5 


1 The first three entries of the table are derived from the intersections of the tracks of the Carnegie m 1911 with those 
of the Gauss (the vessel of the German Antarctic Expedition, 1902 and 1903) , see Terr Mag , v 16, p 136, 1911. 

2 Two groups only. 
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Lat 

Long 
East 
of Gr 

Approx Dates 
showing 
Time-Intervals 

Average Annual Change 

Number of Values utilized to obtain Annual Change 

Decl’n 

Incl’n 

Hor Int. 
(Units of 
fourth dec ) 

C G s 

Decl’n 

Incl’n and 
Hor Int 

Least Number in any 
Group 

Decl’n 

Incl’n and 
Hor Int. 

o 

50 4 N 

0 

331 3 

1909 8-1914 5 

/ 

4 E 

t 

1 S 

0 

3 and 3 

4 and 5 

2 3 

13 

2 

49 5 N 

352 7 

1909 8-1913 7 

7 E 



5 o 


o 

2 

48 4 N 

343 0 

1909 8-1913 7 1 

8 E 

3 S 

+5 

7 7 

4: O 

O 

1 

48 3 N 

311 2 

1909 8-1914 7 

4 E 

4 S 

4-4 

7 9 

6 o 

7 Q 


2 

46 2 N 

346 5 

1909 8-1913 7 


6 S 

4*3 

E ft 

i V 

1 


42 8 N 

299 7 

1909 7-1914 8 

5 W 



5 y 

A K 

2 

2 

42 7 N 

343 9 

1909 9-1913 7 

4 E 

6 S 

4*5 

7 8 

4 o 

A A 


2 

42 4 N 

297 2 

1909 7-1914 8 


1 N 

—4 


4 O 

s 34 


39 0 N 

291 1 

1909 7-1915 2 

3 3 W 



34 

A A 

2 

2 

38 1 N 

342 8 

1909 9-1913 8 

6 E 

3 S 

4-1 

6 7 

4 4 

rv A 

a 

2 

21 1 N 

325 2 

1909 9-1913 6 

7 W 

10 s 

0 

10 9 

7 4 




x Three groups only 


2 Two groups only 


3 One adjustment of 34 results, probable error =*=1'5 
Table 98.— Average Annual Changes for the Pacific Ocean 


Lat. 


46 0 N 
46 9 N 
45 4 N 
42 8 N 
42 0 N 
41 2 N 
39 2 N 
36 7 N 
30 3 N 
27 2 N 
26 4 N 
19 6 N 
17 6 N 
15 3 N 
15 3 N 
14 5 N 
13 4 N 
11 9 N 
7 6 N 
6 0 N 
2 0 N 

0 4 N 

1 6 S 
5 3 S 

11 8 S 
26 5 S 
31 0 S 


Long 
East 
of Gr. 


Approx Dates 
showing 
Time-Intervals 


Average Annual Change 


159 2 
162 8 
164 1 
221 6 
190 4 
222 3 
231 6 
150 5 
144 1 
199 3 
131 0 
218 2 
144.3 
174 6 
174 6 
236 5 
239 9 
244 8 
164 1 
234 0 
161 4 
246 6 
178 6 
176 5 
216 3 
268.5 
187 8 


1906 7-1916 6 
1906 7-1916 6 
1906 7-1915 6 

1906 8-1916 7 

1907 0-1915 5 
1907 6-1916 7 
1906 8-1916 7 

1906 7-1916 6 
1906.6-1916 6 

1905 9-1915 5 

1907 4-1912 3 

1906 2-1915 4 

1906 6-1916 6 

1907 8-1912 3 
1912 3-1916 5 
1907 5-1915 4 

1907 8-1915 4 

1908 3-1915 3 

1906 5-1915 7 

1907 0-1912 6 

1907 2-1915 7 

1908 3-1912 6 

1906 4-1912 4 

1907 2-1912 4 

1907 1-1912 7 

1908 1-1913 0 
1912 5-1916 4 


Decl’n Incl’n 


6 W 
6 W 
2 E 
4 W 

2 E 
4 E 

3 W 

2 E 
0 

4 E 

5 W 

3 W 

2 E 

1 W 

6 E 

3 W 

4 E 

2 W 
1 W 

7 E 
0 

4 E 


1 N 

1 S 
0 

5 S 

1 S 
0 

2 N 
0 

2 S 
1 N 

1 S 

2 N 

1 S 

0 N 

4 N 
7 S 

5 N 

5 S 
4 N 

6 S 

2 S 
0 

4 N 

1 S 


Hor. Int 
(Units of 
fourth dec ) 
cos 


Number of Values utilized to obtain Annual Change 


Decl’n 


-2 

-2 

0 

4*1 

—2 

-3 

-1 

+2 

-2 

-1 

0 

-7 

-1 

-2 
-2 
-2 
-3 
4*4 
4-1 
-3 
-3 
-4 
— 6 


7 and 13 


3 

2 

7 
6 
3 

8 
8 
6 
7 

5 

6 


8 

10 

9 

10 

7 

8 
7 

5 
12 

6 
11 


12 

16 

14 

5 

8 

10 

10 

8 

13 


Inci’n and 
Hor Int 

Least Number m any 
Group 

Decl’n 

Incl’n and 
Hor. Int. 

6 and 

7 


2 



1 


6 

8 

1 

2 

4 

7 

1 2 

2 

4 

6 

3 

2 

6 

7 

3 

2 

3 

5 

1 

1 

4 

3 

, 

3 3 

5 

4 

3 

2 



2 7 


5 

8 

2 

2 

7 

6 

3 

3 

3 

4 


1 

4 

4 

2 

2 

4 

5 

2 

2 

5 

7 


2 



2 7 


4 

4 


2 

5 

5 

3 

2 

6 

15 

2 

2 

6 

8 

2 

3 

4 

4 

2 3 

2 4 

6 

8 

3 

3 

5 

7 

1 

2 

6 

6 

2 

2 

6 

6 

3 

3 

6 

6 

2 

3 


1 Three groups only 


2 Two groups only 
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ANNUAL-CHANGE DATA AT PORTS. 

From the shore magnetic observations at ports of call of the Galilee and the Carnegie, 
the results of which are given on pages 105-110 and 296-310, the average annual changes of 
the magnetic elements may be determined at all ports at which the observations have been 
repeated at various times, which is often the case. These shore repeat-observations will be 
utilized in conjunction with the usual land magnetic results, the discussion of which is to be 
undertaken in a subsequent volume. 

Data for Gardiners Bay and Greenport, Long Island. 

It will be of interest here to obtain some idea of the accuracy attainable in the deter- 
mination of secular changes with the appliances and methods used in the Carnegie work, 
when the observations are made under the most favorable conditions. For this purpose, 
the results of observations during swings of the Carnegie in Gardiners Bay, 1909-1915, are 
selected, and comparisons are made with the results of shore observations during 1909-1914 
at Greenport, about 8 miles distant from the place of swing, obtained by the Carnegie 
observers using the latest types of magnetic instruments for land work. The results of the 
observations for Gardiners Bay will be found in the tables of ocean results, pages 261-288, 
and those for Greenport on pages 298-300. All the results have been corrected for diurnal 
variation with the aid of the records of the magnetic observatory of the United States Coast 
and Geodetic Survey at Cheltenham, Maryland, a factor having been applied to refer the 
corrections to the observation-stations, Gardiners Bay and Greenport. 

Table 99. — Remits of Magnetic Observations m Gardiners Bay, 1909-1915. 

(Latitude, 41° 06' N; longitude, 72° 13' W ) 


Date of 
Obser- 
vation 

Observed Values 

Values at 1912 5 

Residuals 

Decl’n 

Incl’n 

Hor In. 

Decl’n 

Incl’n 

Hor In 

D 

I 

H 


0 t 

0 / 

eg s 

o / 

0 / 

eg a. 

! 

/ 

y 

1909 67 

11 22 W 


1828 



1813 

+1 2 

MSM 1 

- 4 

1910 48 

11 25 W 


1825 

11 38 W 


1814 

—0.8 


+ 6 

1913 96 

11 48 W 

72 08 N 

■KHM 



1815 

ESQ 

-3 4 

+16 



72 14 N 

1801 


72 11 N 

1813 

-4.8 

+1 6 

- 4 

1916 18 


72 14 N 

1 .1798 


72 11 N 

1812 

+4 2 

+1 6 

-14 

Means. . 

Probable errors of a 

single result. . . . 

11 38 8 

72 09 4 

18134 

=*=2 2 

=*=1 4 

± 8 


Table 100 — Results of Magnetic Observations at Greenport, Long Island , 1909-1914 * 
(Latitude, 41° 06' 4 N; longitude, 72° 22' W ) 


Date of 
Obser- 
vation 

Observed Values 

Values at 1912 5 

Residuals 

Decrn 

Incl’n 

Hor. In 

Decl’n 

Incl’n 

Hor In. 

D 

I 

H 

1909 49 

1910 45 

1913 96 

1914 78 

o / 

10 49 W 

10 57 W 

11 19 W 
11 22 W 

o r 

72 06 N 
72 06 N 
72 11 N 
72 13 N 

eg. s. 
.1832 
1830 
1811 
1805 


o r 

72 10 N 
72 08 N 
72 09 N 
72 10 N 

■ 

■ 

ESI 

1 

y 

-18 
+12 
+12 
- 8 

Means . 

Probable errors of a single result 


11 09 0 

72 09 2 

18178 

±0 8 


=*=10 
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Table 99 contains the results of the sea magnetic observations in Gardiners Bay, 1909- 
1915, all referred to mean of day. Details regarding conditions prevailing during the swings 
of the Carnegie will be found on page 436. From the values of the magnetic eiements in 
the second, third, and fourth columns, it is found that during the period, 1909-1915, the 
average changes were as follows: 

West declination increased 6(2 per annum. ) 

North inclination increased 0(9 per annum. f w 

Horizontal intensity decreased 0.00053 c.G.s. per annum. J 

Table 100 contains the results of the land magnetic observations at Greenport, 1909- 
1914, all referred to mean of day. From the values in the second, third, and fourth columns, 
it is found that during the period, 1909-1914, the average changes were as follows: 

West declination increased 6 '■ 2 per annum. | 

North inclination increased 1 '4 per annum. r (4) 

Horizontal intensity decreased 0.00052 c. G. s. per annum. ) 

The agreement between the average annual changes, (3) and (4), is very satisfactory. 
Taking the mean of the two sets of values, (3) and (4), the observed values m Tables 99 
and 100 are referred to July 1, 1912 (1912.5). Thus the quantities given in the 
and seventh columns of the two tables are derived. The remaking columns content the 
residuals resulting by the subtraction of the mean v a luesforl912 5 from ^em^vidua 
values. The ff-residuals are expressed in terms of y = 0.00001 c. as. The probable 
errors of a single result are given at the bottoms of the two tables. It will be seen that 
the accuracy reached for the swing observations in Gardiners Bay issatisfactory.That 
the probable errors of the horizontal-intensity observations are practically the same for 
the land and sea work here discussed, may be accidental; it should be remembered, how- 
ever, that the sea values of horizontal intensity are derived from two instruments (the 
sea deflector and the sea dip-circle) and that the time consumed is about twice that spent 
on the magnetometer shore-work. 

ABSENCE OF MAGNETIC DEVIATIONS ON THE CARNEGIE. 

It was explained in the description of the Carnegie (pp. 160-163) how every precaution 
possible was taken in the construction of the vessel and with regard to the installations to 
insure that, at the various places where the magnetic observations were to be made, there 
would be no magnetic effects of the kind known as “ship deviations, of sufficient magni- 
tude to be taken into account. In the construction of the auxiliary-power plant, however, 
it was not found feasible to employ exclusively non-magnetic metal. Thus certain parts of 
the engine (piston-rings, cam-springs, etc., see p. 162) had to be made of steel. About 3 per 
cent of the total weight of metal in the auxiliary-power installation is magnetic m its 
character, but, according to calculation, this 3 per cent could not 

magnetic effects even at the nearest instrument which was mounted inside the after °bserv- 
ing-dome (PI. 9), 41 feet distant from the engine. However, some of the stores which 
entered into the equipment of the vessel for her long voyages, for example, the tin cans 
containing provisions, were also of a magnetic character, and that, too of a variable extent 
during a voyage. Such stores were stowed in the extreme after part of the vessel, at least 
51 feet from the nearest observing-do me. 1 Then, again, there were the numerous magne s 

region of no local disturbance. 



436 


Repoets on Special Researches 


belonging to the various magnetic and electric instruments for work at sea and on shore, 
and, furthermore, the steel and iron tools required by the engineer and the mechanician. 
These magnetic materials were also stored aft; the general store room for the magnetic 
instruments and the storeroom for the tools are shown in Figure 9, middle plan, page 162. 
Hence, in the aggregate, there might be considerable magnetic material at any one time in 
the after part of the vessel. While, according to calculation, it did not seem possible that 
under any conditions likely to be encountered on probable cruises of the Carnegie there would 
be observable effects from the total mangetic material, it was decided to control this matter 
observationally. Accordingly, from time to time, complete series of magnetic observations 
were made while the Carnegie was being swung just as though she were a magnetic ship, in 
fact, observing just as had to be done so frequently in the Galilee work. 

These “swing observations” of the Carnegie were made in Gardiners Bay, usually at 
the beginning and end of a cruise, at ports where it was known from previous observations 
there were no pronounced local magnetic disturbances, and occasionally at sea. Possibly 
in the course of a year there were from 6 to 10 of these special series of observations, the 
stations varying considerably in magnetic latitude. 

In a later volume there will be brought together the results from all “swing observa- 
tions” for the various cruises of the Carnegie. It must suffice for the present purpose to 
give only those derived from the Gardiners-Bay swings, 1909-1915, in latitude 41° 06' 
north and longitude 72° 13’ west of Greenwich. The results for each heading of ship are 
the means from the observations on the port-helm swing and on the starboard-helm swing. 
The details regarding the various swings are as follows: 

1909. The vessel was swung on September 1 and 2, 1909, just before sailing on her first cruise 
(Cruise I, see pp. 164-165). Owing to inclement weather on the return of the Carnegie in February 
1910, the “swings” in Gardiners Bay were omitted. 

1910. The Carnegie was swung on June 22, 23 and 25, 1910, at the beginning of the long circum- 
navigation cruise of 92,829 miles (Cruise II, see pp. 165-170). 

1913. These swing observations were made on December 15 and 16, 1913, after the Carnegie’s 
return from Cruise II. 

1914. The Carnegie was swung on October 16, 18, 19 and 20, 1914, after her return from the 
extreme northerly cruise (Cruise III, see pp. 170-171). 

1915 The swing observations were made on March 7 and 8, 1915, as the Carnegie began the 
present cruise (Cruise IV, see pp. 172-176). 

The vessel was swung by her own engine or with the aid of a tug. Information 
regarding the general method of observation followed may be obtained by reference to ex- 
tracts from Director’s instructions (seepp. 317—318). If no interruption occurred because 
of unfavorable conditions, the total time consumed for a complete swing of 8 headings, 
with both helms, averaged about 1 hour for declination, and about 3 hours for inclination 
and intensity, or about double the time taken for the usual magnetic observations at sea. 
For Cruises I and II, the Carnegie was in command of W. J. Peters, and for Cruises III and 
IV, J. P. Ault was the commanding officer. Various observers have taken part, the same 
magnetic element having generally been observed by different individuals and often with 
different instruments from year to year. 

The residuals given in Table 101 have been obtained by subtracting the mean value 
of the observed magnetic element for the 8 headings of the ship, from the values for the 
individual headings. The plus sign is given the declination (D) when east and the inclina- 
tion (7) when the north-seeking end of the dip needle is below the horizon; the horizontal 
intensity is always positive. Diurnal-variation corrections were applied to the observa- 
tions on the various headings m order to refer all values to the same time. These correc- 
tions were obtained from the results at the Coast and Geodetic Survey Magnetic Observa- 
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tory at Cheltenham, Maryland, with an approximate factor applied to those for declination 

to refer them to Gardiners Bay. . 

An inspection of the figures in Table 101 shows, for each year the swing observations 
were made, that the residuals are small; for D and I, they generally are less than 0.1, and 
for H, usually less than 0.0005 c.g.s. The residuals are, in fact, on the order of the error of 
observation. 


Table 101 — Residuals from Magnetic Observations on the Carnegie during Swings of Vessel m Gardiners Bay, 

1909-1915. 

fThe residuals are expressed in minutes of are for declination and inclination, and m units of the fourth decimal cos 
for horizontal mtensity A plus sign means a deflection of the north-seeking end of the magnetic needle towards the east or 
downwards, it also signifies an increased value of horizontal intensity J 
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The observations were found to be of such an order of accuracy as to warrant a separa- 
tion of the results for the port-helm swing and the starboard-helm swing. When this was 
done, it appeared at first that there was some evidence of small ship-deviation effects. 
However, when the results were analyzed, it turned out that the effects were to be ascribed 
to small local disturbances at the place of swing, in Gardiners Bay, of the same nature as 
those shown by magnetic observations on islands close by. While the vessel was swung 
around the anchored buoy, she would pass over somewhat different bottom or ground, 
the area of swing being covered by a circle of about 2 or 3 miles diameter, and the average 
depth of the water being about 6 fathoms. 

The final conclusions were: , 

1. That the residuals from the swing observations m Gardiners Bay could be fully 
explained by errors of observation and by small local irregularities m the Earth’s magnetic 
field within the region of the swings. 

2. That if there are outstanding effects to be ascribed to any magnetic material on the 
Carnegie, they are of such a subordinate magnitude as not to require being taken into 
account in the observational, or in the computational work. 

Possibly no further testimony is needed as to the perfection reached in the ocean mag- 
netic work on the Carnegie than that afforded by Tables 99 and 101. It is seen that, under 
favorable conditions of sea and weather, it is possible, with the instrumental appliances and 
methods used on the Carnegie, to make magnetic observations approachmg in accuracy those 
made ashore on fixed supports. 
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GREATER PROBLEMS OF THE EARTH’S MAGNETISM. 

Investigations relating to the settlement, as far as possible, of some of the outstanding 
questions of fundamental importance to theories concerning the origin of the Earth’s 
magnetic field are in progress. Final reports and announcement of definite results must 
be deferred, however, until the accumulated magnetic data on land and sea have all been 
referred to the same date. 

One of the so-called “greater problems of the Earth’s magnetism” is the determina- 
tion of the various systems of magnetic forces which together make up the total terrestrial 
magnetic field as observed on the Earth’s surface. From previous mathematical analy ses 
of the Earth’s magnetic field, notably that of Adolf Schmidt, it would appear that the 
major portion (about 95 per cent) of the field must be ascribed to systems of magnetic or 
electric forces below the Earth’s surface. The remaining portion (about 5 per cent) of the 
field may have to be ascribed to systems of forces, capable of producing magnetic effects, 
which exist in the regions above the surface. These external systems may, for example, 
consist partly of electric currents circulating overhead, parallel to the Earth’s surface, and 
partly to systems of electric currents passing perpendicularly through the surface. The 
latter external system is a so-called “non-potential system”; the definite determination 
of its existence, or non-existence, is a matter of interest and importance with reference both 
to the subjects of terrestrial magnetism and atmospheric electricity. The solution involves 
the computation of the line-integral of the magnetic force around a closed path on the 
Earth’s surface. An inspection of Plate 20, or of Plates 23-25, will show how the cruises 
of the Galilee and the Carnegie have been executed with the special view of having numerous 
closed circuits, comprising both large and small areas. The desired line-integrals may, 
therefore, be computed, when all data have been reduced to a common date, for areas in 
various parts of the Earth, and also for parallels of latitude completely around the Earth. 

The accurate determination of the first of the external systems mentioned (that 
possibly caused by overhead electric currents), will be of fundamental importance, espe- 
cially, if it should prove possible also to ascertain definitely how the system changes with 
lapse of time. 

Owing to the inaccuracies of the magnetic charts, or of the magnetic data on which 
previous investigations have been based, much uncertainty prevails as to the precise 
reliability of the conclusions reached by past investigators. Thus Schuster, when referring 
recently to the solution of some of the vexed questions, says: “This demands a more 
accurate survey of the Earth as a whole than we possess at present, and we look forward to 
the magnetic survey of the Carnegie Institution of Washington for the required data.” 

Some studies have likewise been made of the causes which produce the manifold com- 
plexities of the Earth’s magnetic field — what forces, for example, cause the geographic 
departures from the simple or uniform type of field. It appears that these “geographic 
variations,” represented by the higher harmonics of the potential expression used to express 
mathematically the major portion of the terrestrial field, are not of the heterogeneous 
character they would be if caused chiefly by the distribution of land and water, or by lack 
of homogeneity in the constitution of the Earth. 

The precise characteristics of the phenomenon of the secular variation of terrestrial 
magnetism is of fundamental importance in connection with theories of the origin of the 
Earth’s magnetic field. The definite limitations imposed by the variations in the Earth’s 
magnetic field, both of the periodic and aperiodic kind, and the departures of the field 
from the sunple uniform type, are too frequently overlooked. Most theories, for example, 
are found inadequate when the attempt is made to explain, besides the origin of the field, 
the secular variation, as it is actually observed. 
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Farr, C Coleridge, 13 
Field Reports, 12&-140 

Fiji Islands, 86, 108 , 113, see Suva, Suva You 
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Forms, 16, specimens for ship work, 34-54, 59 
Fox Dip-Circle, 4, 19, 20 

Galilee, description of, 6-9, 128-130, 133; pis. 1 and 2, charter- 
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Johnston, H F , 96 
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63, pi. 3, fig. 5 
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Latitude Observations, at sea, 58-60 
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Miscellaneous Equipment, 29, 30, 32 
Moidrey, J. de, 12 
Morrow, William W , 7 
Motu Uta, 110, 114, see Tahiti 
Nakamura, K , 11 

Negus Compass, and azimuth circle, 17, 24, 27-29, 31 correc- 
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